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Preface

PREFACE

These guidelines are directed to project engineers, technical professionals and ownersinvolved in
the design and construction of a proposed dam or the modification of an existing dam that is under
the jurisdiction of the Indiana Department of Natural Resources (IDNR). The intent of these
guidelinesisto provide direction to experienced dam design professionals so that the fina product,
the dam, is safe and the owner's investment in professional engineering is maximized.

The mgjority of information given in this document is general and provides many of the dam safety
technical principles used throughout the country. The Project Engineer in charge of the design of
adam must be aregistered professional engineer and have the training and experience to properly
apply these guidelines to the specifics of the site and the needs of the owner. If the owner’s Project
Engineer follows these guidelines and an appropriate engineering design package is submitted to
IDNR'’s Division of Water, the time to obtain approval on the proposed work will be significantly
reduced.

These guidelines were modeled after Georgia's Safe Dam Program Engineering Guidelines, 1998
edition. Specia thanks are extended to Georgia's Dam Safety personnel and the private engineering
community practicing in Georgiafor the specia opportunity to utilize much of their work in these
guidelines.

A committee of 17 professionals from the private engineering community and IDNR contributed
significant time to the devel opment of these guidelines. These individuals are listed alphabetically
below:

Beik, Siavash...Christopher B. Burke Engineering Sherkawi, Soliman... IDNR, Dam & Levee Section
Board, Ed...Fink, Roberts, & Petrie Smith, Ken...IDNR/Engineering Services
Bowman, George...IDNR/Customer Service Stefanovich, Melissa...IDNR/Legal Section
Crosby, George...IDNR/Dam & Levee Section Stolz, Jon...Christopher B. Burke Engineering
Ludlow, Scott...Earth Exploration Inc. Warder, Dave...ATC Associates

Murphy, Christopher...Charlier Clark & Linard, PC Wilkinson, Bob...IDNR/ Survey/Maps Section
now @ Quandt Associates

Rampone, Richard...Earth Tech Winters, Jack...IDNR/Engineering Division
Ritz, Chris...IDNR/Engineering Services Zebell, Dennis....Lawson-Fisher Inc.

now @ Troyer Group
Sdll, Jim...Natural Resources Conservation Service
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Special thanks to Debbie Michagels for keying in the text, making revisions to draft copies of this
document, and making copies for distribution and to Lenny Noens, Herb Bollinger, and Dave Knipe,
the north, central, and south engineering basin managers, respectively, for their assistance with the
final draft of the hydrology and hydraulics section.

The Federal Emergency Management Agency (FEMA) provided partial funding for the project and
the Association of State Dam Safety Officials (ASDSO) encouraged the Division of Water to publish
these guidelines. The backing of these two organizations in this project and their long-term support
of dam safety effortsin Indiana are appreciated.

Dr. Brian J. Swenty, P.E., Associate Professor and Chair, Mechanical and Civil Engineering
Department, University of Evansville, Evansville, Indiana edited the guidelines.
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Section 1 - Overview

Section 1
OVERVIEW

The general guidelines contained in this manual are useful for the design of small to medium sized
dams with the following typical characteristics:
- An earth embankment with appurtenant works constructed to remain stable under a
variety of loading conditions for the design life of the structure.
- A properly sized principal spillway that will convey the runoff from normal rainfall
events.
- Anemergency spillway channel placed an adequate distance from the earth embankment
that will operate infrequently and safely pass runoff from the design storm without
overtopping the dam.

Guidance on analyses and design issues for innovative, untested, or high-risk dam designs is not
covered in these guidelines. The extent of engineering tests, analyses, studies, evaluations, and
assessmentsthat are needed to justify an atypical designisbeyond the scope of thismanual. Further,
the time to conduct the additional and extensive engineering analysis and review can be significant
when compared to the typical dam described above.

Because each project requires site-specific considerations, these guidelines should not beviewed asa
"cookbook" for the design, repair, modification or construction of a dam. The intent of this
document is to outline the general technical data, engineering computations, and plans that need to
be submitted with the permit application for the proposed work. If these guidelinesarefollowed, the
time necessary for the technical review and approval should be reduced. Questions concerning these
guidelines should be addressed to the Division of Water at the Indiana Department of Natural
Resources, 402 W. Washington Street, Indianapolis, Indiana, 46204.

Damsare complex structuresthat typically require amultidisciplinary analysisand design approach.
Over the years, there have been many incomplete engineering submittals to the Department of
Natural Resources (IDNR) that lacked adequate detail in a particular technica area
(hydrologic/hydraulic, geotechnical, geological, surveying or structura). Theanaysisand design of
a dam should be supervised by a Project Engineer who is a registered professional engineer. A
complete engineering submittal requires adequate technical input and support from hydrologic,
hydraulic, geotechnical, geological, structural, and mechanical engineers, as well as licensed land
surveyors. It isimportant for the Project Engineer to consider archaeological and environmental
Issues in the design or modification of adam.

An understanding of the roles of the various stakeholders is necessary for the design, construction,
and operation of a safe dam.
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1.1

1.2

Owner's Role

The storage of water is a hazardous activity; it creates increased risk to lives and property
situated downstream of the dam. The owner of a dam is responsible for operating and
maintaining the dam in a safe manner.

Under Indianalaw, IC 14-27-7; “The owner of adam ... and appurtenant works shall keep the
structures and appurtenant works in the state of repair and operating condition required by
the following’:

- Theexercise of prudence.

- Dueregard for life or property.

- The application of sound and accepted engineering principles.

A property owner desiring to construct a dam should retain the services of a registered
professional engineer experienced in the design and construction of damsand spillways. Itis
common practice for the owner and the engineer to discuss the owner’ s needs, the intended
purpose of the dam, and the project budget before any design work isperformed. During the
design process, the owner remainsin close contact with the engineer to periodically review
the design and the desired project goals.

During construction, the owner works closely with both the engineer and the contractor.
Unforeseen site conditions are frequently uncovered that requirethe owner to approvedesign
changes. The Division of Water should be contacted before field changes are made to the
approved plans.

After construction, an owner assumes the role as the primary caretaker of the project.
Routine inspection and maintenance allows early detection of many problems that could
occur withadam. The owner should inspect the dam often, keep records of observationsand
measurements and learn as much as possible about the operation and maintenance of the
dam.

Although a dam can be designed and constructed to be a safe structure, lack of routine
maintenance and repair, or changing conditions, can eventually cause the dam to become
unsafe. If adam isnot in compliance with State law, the owner will be required to improve
the dam to bring it into compliance.

The owner may want to confer with an experienced attorney to assesstheliabilities of
owning a dam.

Role and Selection of a Project Engineer

The analysis and design of a dam should be supervised by a Project Engineer, who is a
registered professional engineer with specialized expertise. These activities require an
understanding of hydrology, hydraulics and the behavior of the materials used to construct
and support the dam. The Project Engineer will likely need specialized technical input and
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support from hydraulic, geotechnical, geological, structural, and mechanical engineers as
well aslicensed land surveyors.

The primary role of a Project Engineer isto provide leadership in the planning, design, and
construction of adam. A Project Engineer isresponsible to see that all technical aspects of
the dam and site have been completely evaluated. To accomplish this, the Project Engineer
works closely with the owner to establish clear objectives and thoroughly evaluate the
proposed dam site. A Project Engineer should have the experience necessary to combinethe
owner’s objectives with the site’s potential to develop adesign for asafe dam. The Project
Engineer supervises the preparation of the permit application, plans, specifications and
engineering report, but the engineer’s involvement does not end with the submittal to
IDNR’sDivision of Water. Itisvitally important that the Project Engineer beinvolvedinthe
construction of the dam to assist the owner isresolving unforeseen problems at the site and
ensure that the dam is constructed in accordance with the approved design. Once the dam
has been constructed and thereservoir hasfilled, the Project Engineer should certify that the
dam was constructed in accordance with the design plans and submit as-built drawingsto the
Division of Water.

Because the design of adam requires aprofessional engineer who possesses unique abilities,
itispreferableto select aProject Engineer based on qualificationsrather than fee. Whilefee-
based competition may result in lower initial design costs, lower costs are often associated
with inexperienced engineers and frequently limit the engineer's ability to conduct detailed
evauations that are necessary to develop a cost effective and innovative design.
Furthermore, a low design cost often results in a significant increase in the cost of
construction as well as long term costs associated with operation and maintenance of the
dam.

The Project Engineer should be selected on the basis of technical qualifications, experience
with similar projects, reputation with other clients, and capability to meet the owner's time
schedule. Itisusually best to solicit qualification statementsfrom anumber of engineersand
perhaps interview severa of them before making a selection. Once a qualified engineer is
selected, the scope of services and fee can be negotiated. If areasonablefee cannot be agreed
upon, negotiationswill terminate and discussions can begin with another qualified engineer.
Itisbest, however, if design costs become afactor only after awell qualified professiona has
been identified.

Contractor’s Role and Selection

The contractor's primary role is to construct the dam and the appurtenant works in
accordance with the plans and specifications. It isthe contractor'sresponsibility to notify the
engineer of any changes in the site conditions exposed during construction that vary from
those shown on the drawings, in the specifications, or in any documents on site
investigations. The contractor is responsible to see that the construction is conducted in a
safe manner, that all state, federal and local regulations are adhered to during construction,
and that the construction siteis secure. The contractor isnot responsiblefor the design of the
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dam or modifications to the design made by the engineer. The contractor isresponsible for
all construction activities including the quality of workmanship used to construct the dam.

Selection of aqualified contractor is very important. The owner, in consultation with the
engineer, should pre-qualify potential bidders. Requests for bids or quotes should be
requested from contractors on the pre-qualified list. Items to be considered in the pre-
qualification process vary. As a minimum, they should include previous experience in
constructing dams comparable in size to the project, a history of satisfactory construction
performance, adequate manpower and equipment to complete the project in areasonabletime
frame, sufficient financial resources, ahistory of paying subcontractors, familiarity with local
conditions, and a past record of displaying a cooperative attitude. Request and contact
references.

The owner should select the best-qualified contractor who responds to the request for bids
with a reasonable price for the work. A private owner is not required to select the lowest
bidder; agovernmental owner may, however, be bound by its enabling statutes to select the
lowest bidder. An unusually low bid should be viewed with skepticism. It may be that the
contractor hasidle resources that are available to do the job, or it may be an indication that
the contractor hasforgotten something, isinexperienced, or followsapractice of bidding low
then negotiating costly change orders during the project.

Bonding of the selected contractor should be included in the contract documents. The
contractor should be required to obtain both performance and payment bonds. Payment bond
references should be contacted. The contractor should warrant the work against defectsfor a
period of at |east one year after completion of the work.

1.4  Project Concept

Prior to constructing anew dam, or modifying an existing dam, certain engineering tasksare
typically required to investigate, plan, analyze, and design the project. In many cases
environmental, legal, rea estate, utility, archaeological, historical, cultural, and other
considerationsrelated to aproject areinvestigated and incorporated into project analysisand
design. Thedetermination of critical siteinformation during earlier stages of thedam project
may have a significant impact upon later stages of the project.

Phased design and construction is a process that should be seriously considered when
difficult site conditions are encountered. Dividing a dam project into phases provides all
parties with more time to make areasonabl e determination of the anticipated scope and costs
of the associated investigation, planning, analysis, and design work to be provided in each
specific phase. Upon completion and review of each phase, the Project Engineer is better
informed and prepared to advise the owner regarding tasks which will be necessary for the
next phase. Estimatesfor construction quantities and costs are continually refined after each
phase of the project as more accurate information concerning site conditions and suitable
design aternatives becomes available.
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Phased design and construction provides intermediate opportunities to discuss information
and conditions determined during each project phase with regulatory agencies and
stakeholders. Critical input concerning acceptable design methods and procedures can be
obtained for application in subsequent phases.

Because the construction of a dam involves a significant financia investment, a primary
advantage of phased design and construction isthe opportunity it affordsan owner to consult
with the Project Engineer concerning the overall project and financial direction. Since dam
projects aretypically complex and very site specific, construction techniques and the scope of
work may need to be changed to accommodate site conditions.

Actual project phases may vary and some overlap may occur. Depending on the length of
time required to complete each phase, previous data may become obsol ete and may need to
be updated. Following are typical phases of a dam project through construction:

1.4.1 Reconnaissance Study — This is normally the initial phase of a dam project and
involves the following tasks: site inspection of suitable |locations for a new dam (or
the evaluation of site conditions at an existing dam); discussion of the project goals
and objectiveswith the owner; review of property ownership issues; investigation of
availableinformation and previous studies of existing dams; determination of general
watershed characteristics, which include geologic conditions, soil conditions,
preliminary hydrologic factors, possible access locations, potential downstream
effects, and the hazard classification of the dam; evaluation of the potential for future
downstream devel opment that might increase the hazard classification during thelife
of the structure; determination of archaeological or historical limitations,
determination of local, state, and federal regulatory jurisdictions; preliminary
discussionsof the project with regulatory personnel; initial discussionsof the project
with technical professionalsin other disciplinesand environmental professionas; and
if possible, initial discussion of the project with a suitable contractor(s).

A site reconnai ssance can disclose anumber of surface features that may provide an
indication of the subsurface conditions that exist at the site. These observations
involve such items as the extent of aluvia depositions, topography, rock
outcroppings, karst features, mining, and vegetative cover. A review of published
data, including the geology and general soil conditions of the site, will provide
significant additional information. Depending on the complexity of theproject, other
preliminary evaluation techniques may be considered. Thisinformation assists the
owner and the design engineer in establishing the best preliminary conceptual design
for the project, and provides valuableinformation concerning those areaswhere more
detailed geotechnical evaluations should be concentrated.

1.4.2 Feasibility Study - Based on the preliminary discussionsand theinformation obtained
during the reconnai ssance study, a preliminary estimate of anticipated engineering
costs, mitigation costs, and possible construction costs is determined. This
information provides the owner with aninitial opportunity to determine whether the
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14.7

project isfinancially feasible prior to further expenditures. Itisextremely important
to remember that preliminary estimates devel oped during thisphase of the project are
based on incompl ete information and therefore represent only rough estimates of the
possi ble magnitude of the project. These preliminary estimates are not intended to be
applied or construed as final project costs.

Preliminary Engineering - During this phase of the project, limited information is
obtained through field surveys, geotechnical field testing, and laboratory testing.
Studies are undertaken to devel op suitable aternatives, including initial estimates of
quantities and costs. The Project Engineer assembles ateam of qualified technical
professionals, based on the project requirements. Suitable topographic mapsmay be
developed from field survey data, a geotechnical report is published, hydrology and
hydraulic analysis are conducted, and an environmental reconnaissanceis performed.
Other studies (water yield, sediment storage, mine tailings storage, etc.) may be
performed depending on the scope of the project.

Upon completion of development of suitable alternatives, the Project Engineer
presents the results of the preliminary engineering phase, including recommended
aternativesto build or improve the dam, to the owner.

Design Phase — After an aternative is selected by the owner, the Project Engineer
overseesthefinal design and preparation of the engineering report, construction plans
and technical specifications.

Additional field survey information, geotechnical testing and analyss, environmental
reconnaissance, and other technical studies may be required.

Upon completion of the construction plans and specifications, quantity estimates and
costs are determined.

Permit Phase - Permit applications for all Local, State, and Federal regulatory
agencies having jurisdiction over the project are completed, submitted, and public
notice is provided.

Construction Bid Phase —When applicabl e, construction bid documentsare prepared
by the Project Engineer’ s professional team, which provide rules and guidelinesfor
the construction bid process. The construction plansand technical specificationsare
included as part of the bid documents. Pre-qualification requirementsfor biddersare
established. Reguestsfor bidsare distributed to suitable contractors. After receipt of
bids, the owner, with the advice of the Project Engineer, selects the best-qualified
contractor providing areasonable price.

Construction Phase - After receiving all permits and approvals, acquiring al
necessary property control (property ownership, easements and right-of-ways), and
selecting a contractor, construction scheduling and construction activities begin.
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Field survey servicesare used to stake and verify construction locations, alignments,
elevations, and grades.

The Project Engineer should be retained to provide construction management
services and monitor the construction of the dam. Material testing should be
conducted throughout construction to verify that specificationsare met. The Project
Engineer or amember of the technical team involved in analysis and design should
be available for inspection, observation and consultation during all construction
activities, especially the excavation of the core trench, the installation of conduits
through the dam, theinstallation of internal drains, and the placement of embankment
fill. Because the most dangerous time in the life of a dam is first filling of the
reservoir, the Project Engineer should beinvolved in monitoring thiscritical phase of
the project.

Upon completion of construction activities, the Project Engineer prepares as-built
drawings which note any changes or deviations from the approved design/
construction plans and submits the as-builts to the Division of Water.

IDNR Permit

These Guidelines supplement the Technical Review information in Chapter 5 of the 1996
Indiana Department of Natural Resources Permit Manual. The guidelines provide property
owners and their design consultants with general information related to the technical permit
requirements for damsin Indiana

Items related to the completion of the Construction in a Floodway Permit application,
environmental issues, and easements are addressed in IDNR’s 1996 Permit Manua and
should be followed when preparing a permit application.

Prior IDNR approval (permit) should be obtained by anyone desiring to construct
or significantly modify (work that is not routine maintenance) a dam before work
begins, if the dam meets any one of the following criteria:
- Thedrainage area above the dam is one (1) square mile or greater.
- The height of the dam, measured from the natural streambed below the crest of
the dam to the lowest point on the crest, is equal to or greater than 20 feet.
- Thevolume of water impounded by the dam at the emergency spillway elevation,
IS 100 acre-feet or more.

If apermit isrequired for the proposed project, it will be necessary for the property owner to
obtain the services of a registered professional engineer experienced in dam design,
construction, repair and maintenance to take responsibility as the Project Engineer.

In order to expedite the permit process, the Project Engineer should meet with the Division
of Water staff to discuss details of the project before work commences on the plans,
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1.6

1.7

specifications, and engineering report. It isimportant that all survey, hydrology/hydraulic,
geotechnical, structural and mechanical engineering evaluations are complete and accurate
prior to submitting an application for a permit. It has been the staff’ s experience that when
incomplete technical information is submitted with the application, the permit process is
delayed months and in some cases years.

Emergency Action Pans

1.6.1 An Emergency Action Plan (EAP) is a formal plan that identifies potential
emergency conditions at a dam and outlines the procedures to follow to minimize
property damage and loss of life. All high hazard dams should have an EAP (see
Appendix B for an outline).

1.6.2 AnEAPisneeded to preplan the actions taken by the dam owner, State Emergency
Management Agency (SEMA) personnel, and local emergency officials during an
emergency. Thispreplanning will help providefor timely notification, warning, and
evacuation in the event of an emergency.

Enforcement Actions

Indiana Code 14-27-7, requires owners to keep their dam in a state of repair and operating
condition required by the exercise of prudence, due regard for life or property, and the
application of sound and accepted engineering principles. Routine maintenance and
compliance with the conditions of the permit are required. A sample owner’s inspection
checklist isincluded in Appendix B.

The Division of Water inspects existing dams to determine their condition and continued
compliance with state laws, regulations, and policies.

Occasionally, an owner will choose not to maintain the dam or will resist complying with the
Indiana Code provisions for constructing and operating a safe dam. Depending on the
seriousness of the situation, the Division of Water has several processesfor bringing the dam
into compliance ranging from certified letters to appropriate litigation. Fines can beissued
and the dam can be breached at the owner’ s expense.
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Section 2 — Field Survey

FIELD SURVEY

2.1

I ntroduction

Collection of accurate field survey information is critical to determine existing site
conditions, prepare suitable designs, and successfully construct adam. Accurate field survey
information is required for many aspects of a dam project. Listed below are some of the
common, acceptable survey principles that are used by professionals practicing in the dam
safety field.

2.1.1 Accuracy

212

The field survey information necessary for designing dams and spillways,
developing construction plans, and verifying construction activities is typicaly
required to be accurate, both horizontally and vertically to a minimum of 0.1 foot,
except for preliminary and reconnai ssance surveys, where horizontal accuracy of one
foot may be acceptable. In certain situations, additional accuracy to a minimum of
+0.01 feet may be necessary.

Although less accurate (nearest foot) site information can be used in preliminary
stages of the project to determine aternatives and quantity estimates, the Project
Engineer should assess the approximate accuracy of this information to make sure
reasonabl e estimates of locations, alignments, grades, and quantities are obtained.

Datum

Temporary benchmarks (TBM) should be established at the dam and tied to an
NGVD vertical datum. TBM’s can be used to obtain reliable survey datato design,
construct and monitor the performance of the dam throughout the project life. Use
of established datums connects the dam to other surveys and maps in the area, and
enables the Project Engineer to use information from other sources.

Vertica control (elevations) istypicaly established on the National Geodetic Vertica
Datum of 1929 (NGVD’29) or the North American Vertical Datum of 1988
(NAVD’88). Assumed datums may be suitable for minor improvements or repairs.

Horizontal control is important to verify property boundaries and determine the
extent of the reservoir at both norma and maximum pool. Control stations for
horizontal control should be established on the North American Datum of 1927
(NAD’27) or the North American Datum of 1983 (NAD’83) using Indiana State
Plane Coordinates in U.S. Survey Coordinates (feet) or Universal Transverse
Mercator (UTM) coordinates (meters). If a sufficient number of permanent survey
markers are placed at a site, an assumed datum may be appropriate to monitor the
long term performance of a dam.
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2.2

2.3

24

2.1.3 Property Boundary

The Project Engineer should determine the project boundary and property boundary
for thesite. Thisinformation should be shown on the plans aswell as any easements
for property that may be inundated by the reservoir during the design flood.

Topographic Mapping

Development of accurate topographic mapping is desirable in the initial stages of a dam
project in order to establish existing locations, alignments, and grades. The topographic
information should provide reasonable accuracy for the determination of aternatives and
preliminary estimates of quantities. Development of suitable contour information for
proposed or existing impoundment areas is especially important in determining stage-storage
relationships for the hydrologic/hydraulic analysis.

Due to the extensive areas involved in large dam projects, application of aeria
photogrammetry is usually an appropriate and economic alternative for the development of
suitable topographic mapping and site layout information. Field surveys are required to
establish the coordinate locations and elevations of specified ground control points prior to
development of the topographic mapping by aerial photogrammetry. These temporary
monuments establish the necessary horizontal and vertical control to develop atopographic
map of the site. It is important to note that topographic information developed from
photogrammetry istypically accurate to only one half the contour interval of the topographic
mapping. For example, eevation information derived from a photogrammetrically compiled
map with a contour interval of 2 feet has an accuracy of +1 foot.

Adjacent property boundaries, utilities, and other important geographical features are
determined from appropriate sources and located to the accuracy required on the project site
mapping. If appropriate, accurate locations and descriptions of sensitive environmental areas
and archaeol ogical resources should be delineated on the project site mapping.

A hydrographic survey of the bed of the lake at an existing dam may be needed to determine
storage for a sediment or water supply study.

Field Survey for Geotechnical Testing
Field survey information is typically required in conjunction with geotechnical testing to

precisely locate test borings and provide accurate cross-sections of existing dams at specified
locations for stability analysis.

Field Survey for Hydrology and Hydraulics Analysis
Field survey information required for the hydrology and hydraulics analysis includes the

determination of spillway control elevations and structural details for spillways at both new
and existing dams. These detailsinclude the type of structure, location, size, aignment, inlet
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and outlet elevations, length, outlet type, and other requested structure characteristics to
determine losses in both open channels and closed conduits. Accurate determination of an
existing lake pool elevation isimportant to help establish the stage-storage relationship for
reservoir routing calculations.

Profiles and cross-sections of natural and man-made channels into which existing or
proposed spillway structures will drain are typically required to determine potential
backwater effects at spillway structures, the need for channel armor protection, and the
design of energy dissipation devices.

For existing dams that have |ake drawdown structures, inlet and outlet invert elevations, the
length, diameter, and material of the pipe and the size and description of al valves, should
be determined.

Finally, for both existing and proposed dams, information about downstream structures (i.e.
culverts, bridges, dams, levees, placed fill, etc.) that may restrict flows and result in
backwater effects at spillway structures should be determined. It isimportant that the datum
used at any other structure be the same datum that is used at the dam.

Field Survey for Preparation of Final Designs and Construction Plans

Prior to the preparation of final designs and construction plans for a new dam or
improvements to an existing dam, extensive field survey information is required to accurately
define the physical characteristics of the project site. Field survey cross-sections should be
obtained at intervals along the centerline of a proposed or existing dam and at appropriate
intervals along the length of emergency spillways.

Construction Survey

Prior to the actua construction of the dam, a construction survey is necessary to stake actual
locations, alignments, and grades of structures shown on the construction plan. During
construction, additional field surveys may be required to verify information on the
construction plans and to determine accurate construction quantities. It is recommended that
the bottom of the core trench, internal drains, pipes through the embankment, and buried
structures be surveyed before backfilling occurs.

Post Construction Survey

An as-built survey istypically performed after the completion of all construction activity to
determine if the structure was built according to the plans. In some instances, the as-built
survey datais used to perform hydraulic, hydrologic and geotechnical computations to verify
that the dam meets minimum safety requirements.

On some dams, typically only large high-hazard dams, annual or other periodic surveys are
conducted to monitor movement of the embankment and appurtenant structures.
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Section 3

GEOTECHNICAL AND GEOLOGICAL CONSIDERATIONS

31

3.2

Introduction

Theidentification of the site characteristics, engineering properties of the materials used to
construct the dam, and geologic conditions beneath the embankment are essential to the
design of a safe dam.

The geotechnical and geologic guidelines that follow are predicated on a"typical” project,
generaly involving asmall or medium sized dam at asite with few geological challenges. It
should be understood that each and every project is unique, and the geotechnical
requirements may be modified accordingly. The type and quantity of field and |aboratory
tests conducted and the types and numbers of analyses performed will be influenced by the
hazard classification and project function. A limited geotechnical investigation may be
allowed on small, low-hazard damswhileacomprehensiveinvestigation isrecommended for
large, high-hazard dams. Unauthorized dams will require a geotechnical investigation and
the same geotechnical computations as a new dam.

Structures in heterogeneous geologic settings, such as solutioned limestone or |akebed
sediments may require extensive geotechnical studies. Subsurface conditions can change
dramatically across a valley. Larger dams and dams with very long crest lengths may
necessitate additional geotechnical investigations to properly assess the subsurface
conditions.

Geotechnical evaluations for the rehabilitation of existing dams should consider the
seriousness of the deficiencies. For major rehabilitation projects such asrepairing breached
dams, increasing the height of a dam, permanently raising the normal pool elevation of the
reservoir, repairing embankment slides, modifying excessively steep s opes, and constructing
control structuresfor extensive uncontrolled seepage and piping, the geotechnical evaluations
should essentially be the same as that utilized for a new dam. The evaluation should be
modified, as necessary, to target the major deficiency(s) identified. Limited geotechnical
evaluations are typically acceptable for minor rehabilitation projects such as minor seepage,
unsuitable vegetation and minor slope reconfiguration.

Literature and Initial Review

The development of the subsurface exploratory program should begin with aliteraturereview
of existing geologic and geotechnical maps, reports, and other records that might provide
technical background information on special conditions at the site and the surrounding area.
The project detailswill dictate the extent of the literature search that would be beneficial in
the development of the subsurface exploration program. Listed below are some sources of
information that may prove helpful.
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3.21 Geologic Maps and other geologic information

State geologic mapping will provide an indication of the geologic setting of the
site. Local, detailed geologic mapping and pertinent information may be available
in or near the project area. The Indiana Geological Survey (IGS) located in
Bloomington has a wealth of information on the geology of the state and trained
professional s that can assist in the interpretation of thisinformation. General
information about the IGS can be obtained from the web site

“http://adamite.igs. indiana.edu/index.htm”.

3.2.2 Soil Surveys

All Indiana counties have existing soil surveys that contain information on the
surficial soils. These are particularly useful in the preliminary phase of planning a
subsurface exploration program. Almost all counties have a Natural Resources
Conservation Service office staffed with technical professionals that can address
general soil conditions of the site.

3.2.3 USGS Topographic Quadrangle Maps

Topographic maps provide a general characterization of the surface features of the
areaunder investigation and the drai nage patternswhich may influence site selection.
U.S.G.S. 7 % minute topographic maps are available for the entire state. More
detailed topographic mapping may be available for certain local areas.

3.2.4 Other Sources of information

- Aeria Photographs

- Well Records

- Technical publications pertaining to the area

- Technical records or inspection reports on existing dams near the site
- Special maps (abandon coalmines, underground caves, etc.)

3.3 Site Reconnaissance

A thorough reconnaissance of the entire site and adjacent areas by the Project Engineer and
the geotechnical engineer or engineering geologist is considered to be essential for both new
dams and major modifications to existing dams. Typically, a reconnaissance is performed
prior to implementing the exploration program to determine the best methods to employ.
Additional site reconnaissance may be conducted during or after the field program to help
interpret the data being obtained. Vegetative cover, rock outcroppings, and small
topographic features (that may not be discerned from the literature review alone) provide
useful input.
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The primary emphasis of the site reconnai ssance i s the areawithin the embankment footprint
and areas immediately upstream and downstream. These would include the creek bottom,
flood plain, abutments, and any potential open channel spillway alignments within the
abutmentsor areasremoved from thedam site. In certain instances, the reconnai ssance may
include the entire reservoir footprint. It is very important for the reconnaissance team to
include the land owner in the site reconnaissance to help identify potential borrow sources
and locations of unusual geologic conditions such as rock outcroppings, caves, and springs.
A downstream inspection is recommended to better identify the hazard classification.

Geologic Mapping

Site-specific geologic mapping may be warranted in some instances. This would be
particularly applicable to large dams, and those located in unique geologic settings. The
applicability of such a method (prior to the subsurface exploration program) is directly
related to the amount of rock outcropping that may be identified during the site
reconnaissance. In the absence of outcroppings, geologic mapping may be of limited use.
Where shallow rock exists, that isnot otherwise exposed, test trenches may be appropriateto
expose these materials for direct observation.

Subsurface Exploratory Program

The objective of a successful subsurface exploration program is to strategically obtain
samples and pertinent information for an engineering evaluation of all the materialsthat will
affect the performance of the dam and appurtenant works. The Project Engineer should
bal ance the use of in-situ exploratory procedures with the option of obtaining both disturbed
and undisturbed samples for laboratory testing. On large dam projects, strength and
permeability tests are usually performed on undisturbed foundation samples and remolded
samples of borrow material. For small, low hazard dams, |aboratory identification tests of
bagged samples can be used to obtain assumed shear strength and permeability parameters.
The use of conservative shear strength parameters may result in an over-designed structure,
thus the Project Engineer must balance the cost of exploration with the cost of over-
designing and over-building the dam. Using assumed shear strength parameters may be a
reasonable approach for small, low hazard dams, but should not beused for largedams. The
use of a haphazard approach to subsurface exploration wastes money and can lead to the
design and construction of a potentially unsafe dam where failure may result.

3.5.1 TestBorings

Test borings are typically placed within the footprint of the dam and appurtenant
structures. Boring locations on existing dams should target the specific deficiencies
identified while considering accessibility to the site. For existing dams with minor
deficiencies where sufficient documentati on concerning the design, construction, and
performance of the dam is available, the need for borings may be minimal.
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3.5.1.1 Centerline of the Dam - The number of test borings along the centerline of
the dam should be based on the needs of the design. Past experienceindicates
that three borings along the centerline of small damswith ashort crest length
Is adequate.

3.5.1.2 Embankment Toe - Borings at the upstream and downstream toe should be
considered for most dams to delineate the soil stratigraphy in the valley.

3.5.1.3 Conduit and Internal Drain Locations - Additional borings may need to be
placed beneath proposed conduit and drain locations to identify subsurface
conditions within these specific areas. These borings can provide
information to evaluate highly compressible soil layers, weak foundation
soils, permeable anisotropic soils, and high ground water conditions.

3.5.1.4 Open Channel Spillways - Open channel spillways in the abutments are
typically evaluated with borings, if significant depth of excavation is
anticipated. These borings should at |east penetrate the depths of excavation
and identify the properties of the materials at the base of the channel.

3.5.1.5 Depths and Samples - Boring depths within the embankment footprint area
will generally mirror the height of the embankment above each individual
boring, with aminimum depth of 15 feet typical. Disturbed samplesobtained
by Standard Penetration Testing, or other suitable methods, are normally
made on 2.5-foot intervals unless there is evidence that the material is
relatively homogeneousin which case 5.0-foot interval s may be appropriate.

Test Pits

Test pitsexcavated with abackhoe can provide useful information in certain portions
of thesite. Several excavations often allow amore thorough assessment of the upper
stratigraphy, and can provide indications of potential difficulties that may be
encountered during construction. In situationswherethe damisasmall, low hazard
structure and sound, tight rock is near the surface, test pits that may significantly
reduce the quantity of borings. Otherwise the following should be considered:

3.5.2.1 FHood plain- Alluvial depositionistypically complex. Soil test boringsalone
often do not clearly represent the conditions encountered within flood plain
areas. Test pits can provide a better indication of subsurface variability,
depths of organic material, past seismic activity, and difficulties that may be
encountered relative to groundwater inflow.

3.5.2.2 Shallow Rock - Test pits may be used to supplement the evaluation of genera
areas where shallow rock is encountered. This helps discern if the refusal
materialsarefairly continuousrock and whether the rock surfaceisuniform.
This may be particularly useful at sites with karst geology.

January 1, 2001 34



353

354

355

Section 3 — Geotechnical and Geologic Considerations

3.5.2.3 Open Channel Spillways - Test pits may be an inexpensive means of
evaluating areas where the depths of excavation anticipated for channel
spillways are minimal.

Rock Coring

Some rock coring is recommended within the footprint of the dam if refusa is
encountered at depths less than about half the originally planned boring depth, with
appropriate consideration of the geology of the site.

3.5.3.1 Depths - The amount of rock core to be obtained in each hole depends on a
number of factors including the size of the dam, geologic setting, and rock
quality. Typically, a minimum of 10 feet of rock should be cored at each
location.

3.5.3.2 Packer Tests - Packer permeability tests may be performed in conjunction
with the rock coring where there is an indication the rock mass is jointed,
solutioned, or has significant discontinuities. The Packer Test will assist the
geotechnical engineer in determining the hydraulic conductivity of the rock
mass (see section 3.7).

Preliminary Instrumentation for Piezometric Levels

The subsurface exploratory program may includetheinstallation of observation wells
or piezometers to establish the groundwater conditions within the footprint of a
proposed dam or assess seepage-related deficiencies in an existing dam.

Strategically placed piezometers can provide valuable information on conditionsin
existing dams. For new dams, theinstallation of piezometersallowsthe geotechnical
engineer to monitor pore pressuresduring first filling of the reservoir and throughout
the life of the structure. This data can be used for analyses and for long term
monitoring of dams. See Section 3.10 and Geotechnical Addendum/Instrumentation
in Appendix C for further discussion.

Test Samples

3.5.5.1 Disturbed Samples- Split-spoon samplesfrom boringsand samplesfrom test
pits should be obtained for classification and correlation.

3.5.5.2 Undisturbed samples- A sufficient number of relatively undisturbed samples
should be obtained to eval uate foundation materials, especialy at large dams.
A sufficient number of samples are needed to accurately characterize the
differing types of materials present in the valley and abutments. Strength,
compression, and permeability tests on undisturbed samples produce datathat
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3.6

ishelpful in evaluating the stability of the dam and determining the expected
behavior of the materials|eft in place to support the dam.

3.5.5.3 Bulk Samples - Disturbed bulk samples from test pits or auger cuttings are
typically collected, particularly for explorations made in open channel
spillway areas and potential borrow aress.

3.5.6 Other Exploration Techniques

Severa other exploration techniques may be considered in special situations to
address specific areas of concern. Examples include pressuremeter testing or cone
penetrometer soundings, particularly in soft foundation materialsthat may beleft in
place to support the dam. Geophysical exploration techniques may also be
appropriate in some instances.

Borrow Study

The ultimate purpose of a borrow study is to identify sufficient quantities of acceptable
borrow materialsthat can be used in the construction of the dam. This can be accomplished
by estimating the quantity of material needed in the dam and conducting adequate
explorations and laboratory analyses to determine the soil profilesin the borrow aress.

36.1

3.6.2

Locations

It isimportant to locate the borrow areas far enough away from the dam so that any
excavation below the top of dam elevation does not jeopardize the integrity or the
performance of the structure. There are many site and project specifics that will
dictate this distance. For small to medium sized dams situated on a geologically
“good” dite, the location of any borrow area that will be below the dam crest
elevation should be kept 200 feet or more from the dam.

3.6.1.1 Open Channel Spillways - For projects involving the excavation of open
channel spillways in the abutment areas, it is recommended that these
materials be evaluated for use in the construction of the dam. See Sections
35.1.4and 3.5.23.

3.6.1.2 Reservoir Area- Any portion of the reservoir areathat will be excavated for
borrow material should be investigated. Under no circumstances should
bedrock be uncovered and left exposed in a borrow area that is within the
reservoir boundary.

Exploratory Techniques

The exploration of potential borrow sites should be sufficient to characterize the
usable soil deposits(s) both from ageol ogica and engineering perspective. The study
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should demonstrate homogeneity relative to the deposit(s) under consideration.
Exploratory holes are typically placed on approximately 500-foot centerson arough
grid system at all practical locations.

3.6.2.1 Test Pits- Test pitsarethe preferred exploration techniquefor the evaluation
of borrow sources where the potential depths of excavation are limited, or
where the occurrence of suitable material is near the surface. Soil
stratigraphy can be determined in more detail, and the variability and
inclusion of unsuitable materials may be more readily observed with test pits.
Discreet sampling of specific soil layers and combined sampling of two soils
in the vertical profile can easily be done using this technique.

3.6.2.2 Borings - Auger borings are typicaly required where greater excavation
depths are planned.

3.6.3 Sampling

Small grab samples of foundation, abutment, and borrow materials are useful for
genera classification purposes. Sealed samples of thistype can be used to determine
in-situ moisture contents. Bulk samples are required on all materials that may be
used asembankment fill. Sufficient quantitiesof bulk material are obtained based on
the types of laboratory tests to be performed.

In-Situ/Field Testing

In-situ testing, or field testing, may be considered in the evaluation of foundation conditions
for new damsand in the evaluation of conditionswithin and beneath existing dams. Typical
conditions that may warrant in-situ testing include soft compressible foundation materials
that cannot be sampled routinely for laboratory testing, evaluation of seepage through
foundations and existing embankments, evaluation of the continuity and integrity of
foundation rock, and the determination of excavation quantities and methods.

The utilization of field test methods will depend on the size and length of the dam, the type
and extent of foundation materials encountered, and the economic feasibility of aparticular
method over another. In-situ methods may be used to supplement more common exploration
techniques such as soil test borings. Some geologic settings and embankment conditions
may necessitate the use of one or more of these methods (see Appendix C - Geotechnical
Addendum - Insitu/Field Testing).

L aboratory Testing
Thelaboratory testing program typically consists of soil classification and may alsoincludea
determination of shear strength parameters, permeability, and compressibility properties of

soils. Appropriate in-situ tests may be considered for foundation materials. Laboratory
testing of remodeled samples of potential embankment materials is typically needed to
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determine the strength of the material. Depending on the size and hazard classification of the
dam, arelatively extensivetesting program may berequired to characterizeall of the material
typesin the foundation and the embankment. 1t may be necessary to perform duplicate tests
on significant soil material typesto verify atypical value of the material being tested.

381

382

Characterization Testing

Thistype of testing istypically performed to provide an indication of the engineering
characteristics of the materials that will be used to construct the dam. These tests
also provide identification of the different types of materialsinvolved so that more
extensive testing can be targeted to specific material groups.

3.8.1.1 Classification Tests- General classification tests, suitablefor classifying soils
by the United Soil Classification System (USCS), include gradation tests
(sieve and hydrometer, as required) and Atterberg Limits tests.

3.8.1.2 Compaction Tests- Proctor compaction tests, and associated natural moisture
content tests are needed to establish the basis for quality control during
construction and to provide samples for strength testing. Standard Proctor
compaction tests are typically utilized.

Strength Testing

Strength testing will normally be required to determinethe shear strength parameters
for the stability evaluation of both new and existing dams. Tests are typically
performed on relatively undisturbed samples of foundation materials and existing
embankment materials. Remolded samples of potential borrow materias are
compacted to the minimum value alowed in the technical specificationsand tested to
determine the shear strength of the material that will be used to construct the new
embankment. The state encourages engineersto perform triaxia testson foundation
and embankment soilsfor significant and high hazard dams. For small, low hazard
dams, estimated shear strength parameters may be selected from published datain the
Bureau of Reclamation’ s Design of Small Damsfor the embankment and foundation
material. Estimates should be based on the results of soil classification tests
(Atterberg Limits, Sieve Analysis, and Hydrometer Analysis).

3.8.2.1 Triaxia Shear - Laboratory strength parameters aretypically evaluated using
consolidated undrained (CU) triaxial shear strength tests with pore pressure
measurements. The CU test provides both total and effective strength
parameters.

3.8.2.2 Direct Shear - Direct shear tests may be considered in certain instances.
However, thesetestsareless accurate than triaxial testsand are becoming less
common in the determination of strength parameters for earth dam stability
computations.
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3.8.2.3 Unconfined Compression - Unconfined compression tests can provide a
genera indication of undrained shear strength of clayey soils.

3.8.3 Consolidation Testing

Where settlement is an issue, an adequate number of consolidation tests on
undi sturbed foundation sampl es are needed to establish the settlement characteristics.
Consolidation tests may also be performed on samples from proposed borrow areas
that are remolded to provide reliable settlement and deformation data on each soil
type proposed for the embankment.

3.84 Permeability Testing

Depending on the dam size and the embankment and foundation characteristics,
permeability tests may need to be performed on undisturbed samples from the
foundation of new and existing dams. When seepageisaconcerninan existing dam,
permeability tests of undisturbed embankment materials may be necessary. For new
dams, remolded samples of proposed borrow materials may require permeability
testing. These tests are typicaly performed on saturated samples to establish
hydraulic conductivity characteristics of the various soil typesinvolved. Bothfalling
and constant head tests can be performed.

Geotechnical Analyses

Appropriate geotechnical analyses are performed to determine the geometry of the dam, the
sizeand location of internal drains, thelocation of conduitswithin the embankment, and the
location of appurtenant structures. The accuracy of these analyses depends on thevalidity of
the parameters and assumptions devel oped in the preceding sections. Additional field and
laboratory work may be necessary to improve the accuracy of the geotechnical models that
are used by the engineer. Critical sections of the embankment should be evaluated for all
expected loading conditions that could occur during the life of the dam. The intent of the
geotechnical analysesisto design asafe and satisfactorily functioning structure at thelowest
feasible cost.

The geotechnical design typically includes the following:

1 Provisions for monitoring the performance of the dam and maintaining the
structure to assure satisfactory performance throughout its design life.

2. Evaluation of the stability of the structure during construction, at the end of
construction, and during steady seepage conditions.

3. Evaluation of the stability of the dam and appurtenant structures during and
after seismic events.
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4, Evaluation of the stability of the dam and appurtenant structures during a
rapid drawdown of the reservoir.

5. Ability of the embankment, internal drains, and appurtenant structures to
experience minor consolidation settlements without adverse affects.

6. Monitoring, collection, and control of seepage through the embankment,
foundation and abutments.

3.9.1 Stability Anaysis

The purpose of a slope stability analysisis to determine a factor of safety for the
embankment which is defined as theratio of resisting forces (gravity forces and soil
shear strength) to driving forces (gravity forces and shear stresses) along the critical
potential failure surface.

For existing dams, the primary purpose of the stability analysisisto determineif the
embankment is stable under various loading conditions. A stability analysis can be
used to evaluate a slope failure that has occurred, design modifications to improve
the stability of the embankment, or evaluate proposed changes to the height of the
dam or the reservoir elevation. Loading conditions are typically limited to steady
seepage-full pool, steady seepage-maximum pool, rapid drawdown, and seismic
events.

For new dams, the purpose of the stability analysisisto design an embankment that
will meet minimum factors of safety for a variety of loading conditions. These
include loading during construction and at the end-of-construction. During the
placement of fill, the construction schedule and any external loading should be
considered in the analysis of the embankment. The end of construction condition is
typically only of concern when rapid fill placement occurs on very soft foundations
and undrained conditions occur. The steady state stability of the downstream slope
should be analyzed under two loading conditions: the reservoir at the normal pool
elevation after development of the steady state phreatic surface and the reservoir at
the maximum pool elevation. Where drawdown facilities exist, the stability of the
upstream slopeis analyzed under rapid drawdown conditions. In limited instances,
rapid drawdown due to submergence of the downstream toe may be a consideration.
In high seismic zones, a seismic stability analysis should be performed for the
downstream slope using an appropriate factor of gravity (i.e. 0.15g) for the design
acceleration.

For the end-of-construction condition, the shear strengths of the foundation and dam
fill are typically evaluated using total stress conditions (undrained shear strength)
where the fill is placed rapidly upon the foundation materials and excess pore
pressures have not dissipated. Where the foundation materials are very fine grained
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and the build-up of excess pore pressure could be detrimental, piezometers should be
installed in the foundation to monitor the pore pressure during construction.

For steady state conditions, the stability analysis should be performed under the
assumption that the phreatic surface has been developed. The phreatic surface will
begin at the "normal" pool elevation of the upstream face and extend to either the
internal drainage system or the downstream slope of the dam, as determined through
use of constructed flow nets or finite element seepage analysis. Drained shear
strength parameters should be used to evaluate the dam under steady seepage
conditions.

Drawdown pipes are encouraged for all dams, especially high hazard dams. Valves
should be placed at the upstream end of the pipe to prevent the pipe from being
pressurized when it isnot in use. Rapid drawdown could occur if the reservoir is
lowered at a rapid enough rate to prevent dissipation of the pore pressures at the
upstream face of the dam. For dams built of cohesive soils, excess pore pressures
may result if the drawdown exceeds 1 foot per week. This could cause an upstream
slopefailurethat could damage the embankment and ultimately |ead to the breaching
of the dam. A rapid drawdown stability analysisis performed using drained shear
strength parametersfor the embankment. Thereservoir isassumed to beat theinvert
elevation of the drawdown pipe and embankment pore pressures are computed with
the reservoir at normal pool.

After completion of the static analyses, each of the loading considerations should be
analyzed considering the appropriate seismic ground acceleration forces. Typically a
pseudo-static analysis of only the downstream sSlope at steady state seepage
conditionsis performed.

Stability analysis for earth embankments should consider both dlip circle methods
such as Bishop, Spencer, Morganstern-Price, or Janbu's, and when appropriate,
sliding wedge analyses. There are numerous computer programswhich are accepted
by IDNR’s Division of Water for the performance of stability anayses. The
geotechnical engineer isresponsiblefor verifying that the computer stability analyses
are correct.

Seepage Analysis

Water will seep through all earth embankments over aperiod of time. Therefore, itis
imperative that this seepage be recognized, monitored, and controlled. A seepage
anaysis may be necessary to determine pore pressures within the embankment, assess
the effectiveness of seepage control options, provide quantitative datafor the design
of seepage control structures, and predict seepage behavior of the embankment and
foundation. The analyses can assist in locating piezometers for use in monitoring
seepage through the embankment and foundation.
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After the phreatic surface has developed, the permeability of the embankment and
foundation materials will determine the seepage flow rate. If the rate is excessive,
seepage reduction and seepage collection techniques may be needed. The quantity of
seepage flow, the hydraulic gradient through the dam, and thelong-term effects of the
exit gradient on embankment performance are of particular interest to the
geotechnical engineer. Seepage reduction techniques such as cut-off keyways, slurry
walls, clay core zones, and grout curtainsshould be considered. The seepageanaysis
can be used to select the most effective type of interna drainage system for the dam
and foundation.

Permeability data is typically obtained from appropriate laboratory and field tests.
The seepage analysi s should be performed on the maximum dam cross-section upon
completion of thefield and |aboratory testing. Either agraphical flow net analysisor
amore sophisticated numerical finite element model can be used.

Analytical modelswill aid the geotechnical engineer in determining critical seepage
areas within the dam and appurtenant structures. Theseinclude areas of excesspore
pressure and high gradients. The analysis should consider the proposed drainage
system to allow accurate modeling of the phreatic surface, and exit gradients at the
toe of thedam. Such analysiswill aid in determining if specia seepage devices, such
asrelief wells, will berequired in the final design.

It is imperative that the geotechnical engineer be aware of the implications of the
seepage analysis. It is aways advisable to perform an independent check of any
computer calculations to verify that the results are reasonable and within tolerable
limits for the structure.

3.9.3 Settlement Analysis

Both the new embankment and the foundation soils will consolidate beneath the
weight of the embankment materials. Theamount and rate of settlement will depend
on the consolidation characteristics of the underlying soils and the rate of pore
pressure dissipation. Settlement of the embankment can result in loss of freeboard,
depressions on the dam crest, differential settlement along conduits which penetrate
the dam, and in extreme cases, transverse cracks that can lead to failure of the dam.
Excessive settlement can cause misalignment of conduits, separation of joints, and
possible conduit failure which results in leaking and possible soil piping (internal
erosion of embankment soils).

It may be necessary to analyze settlement to determine foundation treatment and
camber, for the embankment and appurtenant structures. Laboratory consolidation
tests should be performed to determine the consolidation and drainage characteristics
of the embankment and foundation materials. The geotechnical engineer should
consider performing a one-dimensional settlement analysis, which considers the
variableloadings across the dam footprint to determine areas of critical movement. If
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differentia settlement and cracking of the embankment is possible, the geotechnical
engineer should consider chimney drains, settlement accommodation along conduits,
and joint extensibility for any jointed conduits. The effectsof the calculated vertical
movements on both the embankment and the appurtenant structures should be
carefully considered in the design.

| nstrumentation

Various instrumentation devices are typically required in the construction of large, high-
hazard dams, and may be necessary on existing dam rehabilitation projects. Instrumentation
can be installed to monitor the performance of the dam during construction, during initial
reservoir filling, and during the life of the structure. Foundation and embankment
performance may be monitored with piezometers, settlement devices, inclinometers, and
seepage measuring devices. Other less common instrumentation may be considered for
unusual conditions. Any instrumentation selected should target specific items to be
evaluated, establish critical thresholds that suggest the need for a specific action, and
establish the details of the monitoring program (see Appendix C - Geotechnical Addendum
Instrumentation).

Geotechnical Report
Oncethefield exploration, laboratory testing program, and geotechnical analyses have been
completed, a final report outlining these items as well as the geotechnical aspects of
construction should be prepared. A wide range of report formatsis possible. However, the
following items should generally be included.
3.11.1 Introduction
A general statement of the purpose of the geotechnical study.
3.11.2 Project Information
A detailed description of the project being eval uated should be documented as part of
the report. Thisis particularly useful if the design changes significantly from the
time the geotechnical study was performed to the completion of the design
documents.

3.11.3 Exploration Procedures

This section should include a description of the field and laboratory testing
procedures utilized in the study.

3.11.4 Site Description

A brief description of the surface features of the project areaishelpful. Thisincludes
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the project location, surface topography, vegetative cover, and identifiable surface
features. The site description essentially summarizes the site reconnaissance
observations.

3.11.5 Subsurface Conditions

A brief summary of the subsurface conditions identified by the field exploration
program should be included. This summary generally identifies the major types of
materials encountered and provides correl ations between borings based on the data
obtained. Thissection of the report identifiesinformation gleaned from the desktop
study and any geologic field mapping of thesite. Theintent of thissectionistorelate
the identified subsurface conditions to the known geologic conditions at in the site,
and set the stage for addressing any special or unusual conditionsin the conclusions
and recommendations section(s) of the report.

3.11.6 Findings

This section summarizes the results of the stability, seepage, and settlement
evaluations. The results should be placed in this section or intertwined with other
sections of the report. By summarizing the evaluations that were performed, the
basisfor the design, construction conclusions, and recommendations are established.

3.11.7 Conclusions and Recommendations

This section of the report is the most critical and should identify all of the
geotechnically related design and construction items that will impact, and be
incorporated into, the design contract documents. Design and construction related
conclusions and recommendations might be separated or combined. Any areas of
uncertainty, such asitemsthat can only be resolved by further evaluation during the
actual construction process, should be clearly identified in this section. The
following items should be addressed in this significant portion of the geotechnical
report.

3.11.7.1 General Assessment - A brief summary of the more significant conclusions
and recommendationsisincluded, identifying unusual or critical itemsthat
should be addressed in the design and construction.

3.11.7.2 Site and Subgrade Preparation - Recommendations concerning clearing,
stripping, and grubbing of the embankment footprint area, spillway
locations, and potential borrow areas should be included. All disturbance
and excavation limits should be based on safety considerations. Typically,
the area beyond the toe of the dam is cleared to minimize root invasion.

3.11.7.3 Foundation Preparation - Recommendations concerning undercutting and
replacement of unsuitable materials should be included in this section.
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Special foundation preparation techniques are included to deal with partial
undercutting of alluvial soils and the preparation of exposed rock
foundations.

3.11.7.4 Groundwater and Dewatering - Dewatering requirements to construct the
project should be identified. Specific areas that will likely require
dewatering, and the extent to which groundwater lowering is needed, should
be addressed. General information on the anticipated types of dewatering
systems that would be appropriate should be presented.

3.11.7.5 Surface Water Diversion - A general discussion of the need to route surface
flows from the drainage basin around and through the construction work
area should beidentified.

3.11.7.6 Seepage Considerations- The seepage eval uations should include estimates
of potential seepage quantities, aswell asany seepage reduction and seepage
collection techniques needed. Seepage reduction techniques such as
cutoff/keyways, slurry walls, clay core zones and grout curtains should be
identified. Internal drainage system recommendations should be made for
any foundation and embankment drainsthat are needed. Detailsconcerning
gradations of drainage aggregates, filter requirements, the need for special
items such as relief wells, and locations and minimum dimensions for
drainage components should be addressed.

3.11.7.7 Embankment Geometry - The maximum recommended slope inclination
should be specified based on the results of the stability evaluation. Theneed
for toe berms, wave berms, and minimum crest widths should be discussed
aswell asdrainage considerationsfor the surface of the embankment. Any
requirements for zoning within the embankment should be included,
specifically addressing material properties that are considered appropriate
for each zone within the dam.

3.11.7.8 Earthwork Recommendations - This section of the report should includethe
material types and quantitiesidentified in potential borrow areas. It should
specify minimum compaction requirements and moisture control for all fill
material placed during construction. Borrow site management should be
addressed. Details concerning the placement procedures for the earthwork
operations to assure adequate bonding between lifts, control of overly wet,
dry or frozen materials, cross slopes, and management of thefill pad should
be provided. Minimum testing recommendations for the earthwork should
be included.

3.11.7.9 Settlement - Estimates of settlement, particularly at critical structure

locations, should be provided if compressible foundation conditions exist.
In conjunction with the settlement assessment, anticipated settlement along
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conduits and the associated joint extensibility for any jointed conduits
should be described. The potential for excessive differential settlement
should be discussed as well as any specia foundation preparation techniques
or design requirements, such as internal drainage systems and chimney
drains. Typicdly, the settlement estimated at the base of the dam, aswell as
the settlement within the fill material should be provided. The need to
compensate for any potential settlement, including cambering of the crest,
special construction sequencing and surcharging requirements should be
addressed.

3.11.7.10 Principal Spillway/Conduits - Any special embedding requirements for

conduits that will penetrate the dam should be addressed. This would
include concrete cradle requirements, filter collars, the need for camber in
the pipe to accommodate settlement, and special backfill requirements
adjacent to conduits. Allowable bearing pressures for outlet structures
should be provided along with any specia foundation preparation techniques
appropriate for these areas.

3.11.7.11 Emergency/Open Channd Spillways - Items related to the excavation of any

open channel spillways in the abutment areas should be addressed. The
erodability index of materids exposed at the proposed finish grade should be
determined for use in erosion calculations. The suitability of using
excavated materias in the embankment, groundwater considerations, and the
potentia for difficult excavation should be considered. Armored spillway
channels in abutment areas or on the embankment should provide details
concerning seepage reduction and underdrainage system requirements.

3.11.7.12 Erosion Control - The need for shoreline wave protection, vegetative cover,

berms, and protection of critica areas from surface runoff should be
considered. Recommendations for positive erosion protection techniques
such as riprap should include the bedding requirements for these materials.

3.11.7.13 Other Considerations - Any specia requirements for items such as slurry

walls, foundation grouting, and special consideration of the geology in
which the site is located should be addressed in the geotechnical report. In
essence, any geotechnical issues, which may impact the subsequent design
and construction of the project, should be considered.

3.11.8 Instrumentation

Minimum instrumentation requirements should be included in this section. These
recommendations should include types of instrumentation, locations, and the general
approach to be used in monitoring and reporting the data.
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3.11.9 Construction Monitoring

The report should address requirements related to the geotechnical evaluation and
construction material stesting that will be required during construction. Thisincludes
the level of experience of the individuals responsible for testing and monitoring,
general testing requirements, and identification of the specific areas that require
monitoring. For large, high hazard dams, full-time monitoring of al phases of the
construction is required.

3.11.10 Appendices

3.11.10.1 Supporting Data - All of the field and laboratory test results should be
included as appendix items. Exploration |location plans, subsurface profiles,
boring records, laboratory test results, and any special details should be
included.

3.11.10.2 Analyses - The actua calculations required for stability, seepage and
settlement, aswell asany other specific geotechnical cal culations performed
aspart of the basisfor the geotechnical study, should beincluded. Thismay
be as an appendix item to the geotechnical report or may be submitted as a
separate document along with the geotechnical study.
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Section 4
HYDROLOGY AND HYDRAULICS

4.1

4.2

Introduction

A spillway system must be capable of safely passing the runoff from the design storm event
without the embankment overtopping and failing. The magnitude of the design storm
depends on the hazard classification. A hydrologic analysisof the watershed and ahydraulic
evaluation of the spillways are required to design an appropriate spillway system and
determine the minimum crest elevation of the embankment.

The hydrologic analysis involves the computation of the runoff hydrograph. The hydraulic
evaluation includes reservoir routing and the computation of elevation-discharge data for
both the open channel and closed conduit spillways. Although this differentiation is not
universal in civil engineering, it will be used in these guidelines.

Spillway design is an iterative process that involves routing the runoff hydrograph through
thereservoir and atrial spillway system. The objective of thisprocessisto design aspillway
system that will safely pass the runoff from the design storm without overtopping the dam.
Other objectivesinclude designing aspillway system that iseconomical, dependable, and can
be constructed with locally available materials.

The information in this section discusses some of the basic elements of a hydrologic and
hydraulic analysis that the Project Engineer will find useful in designing or evauating a
spillway system for a dam. The methods referred to in this section are not exhaustive.
Specific analytical methods should be determined on a case-by-case basis. Pre-design
meetings between the engineer and the Division of Water are encouraged.

Hydrology

The design of a new spillway system and the evaluation of an existing spillway require the
engineer to compute a runoff hydrograph. Parameters used in the computation of a runoff
hydrograph include the watershed area, total rainfal, rainfall distribution (hyetograph), time
of concentration, initial abstraction, and infiltration characteristics of the watershed.

4.2.1 Methodology

The runoff hydrograph, elevation-discharge data for the spillway system, and an
appropriate reservoir storage-indication method of flood routing are used to perform
an overtopping analysis of the dam. Flood routing is necessary to evauate the
adequacy of existing spillways and design new spillway systems. The overtopping
analysis involves four steps. computing the runoff hydrograph, determining the
elevation-discharge relationship for the spillway system (using the methods in
Section 4.3), determining the elevation-storage relationship for the reservoir, and
routing the runoff hydrograph through the reservoir and spillway(s). When designing
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anew spillway, iterations continue until the engineer determines an acceptabl e top-
of-dam elevation and adequate size for both the principal and emergency spillways.
Because of the iterative nature of the computations, engineers frequently utilize
computer programs to perform hydrologic simulations. Acceptable computer
programs include the United States Department of Agriculture (NRCS) DAMS2,
SITES, and TR-20 software and the United States Army Corps of Engineers (COE)
HEC-1 and HEC-HMSS software.

4.2.2 Hazard Classification

Thehazard classification of adam isdetermined by eval uating the areathat would be
affected by inundation in the event the dam fails with the reservoir at the emergency
spillway crest elevation or the dam crest elevation, in the absence of an emergency
spillway. A correlation between the amount of inundation and the hazard
classificationissummarized in Appendix A. Inmany cases, the hazard classification
of a dam can be determined by areview of current topographic maps and a visual
Inspection of the downstream floodplain for adistance commensurate with the size of
thereservoir. If abreach analysisisrequired, the methodol ogy described in Section
4.10 should be used.

Over time, devel opment occursin the areadownstream of adam. Infact, amanmade
|ake sometimes encourages downstream development. It istherefore prudent for the
Project Engineer to consider designing the spillway for ahigher hazard classification,
when appropriate. This can help the owner avoid magor dam and spillway
modifications at alater date when the downstream devel opment occurs, the hazard
classification increases, and costs for upgrading the dam and spillway system are
higher.

4.2.3 Design Storm Events

After the hazard classification of the dam has been determined, the appropriate
design storm is selected using the criteriain Table 1.

If the time of concentration (Tc) islessthan 6 hours, the 6-hour Probable Maximum
Precipitation (PM P) should be used to analyze the spillway system. If the Tc exceeds
6 hours, the design storm duration isincreased to atime equal to or greater than the
Tc. This increases the PMP depth to account for the longer storm duration. All
season 6-hour, 10 square mile PMP isohyetals and 24-hour, 10 square mile PMP
isohyetals for the state can be found in Appendix D and in the latest edition of the
Indiana Department of Natural Resources (IDNR) - Division of Water Publication
"Rainfall Frequency for Indiana." The definition of the PMP rainfall event and its
computation are discussed in the Department of Commerce Hydrometeorol ogical
Report (HMR) No. 52. If the watershed is greater than 10 square miles, the PMP
depth may be reduced using procedures outlined in Hydrometeorological Report
(HMR) No. 51.

January 1, 2001 4.2



Section 4 — Hydrology and Hydraulics

Table 1: Design Storm Event for Spillway Design and Analysis

Dam's Hazard ) Remarks
Classification Design Storm Event
. For existing dams, a smaller design storm between
High 100% PMP 50% & 100% PMP may be justified through an
elaborate Incremental Hazard Evaluation procedure
described in TADS module "Evauation of
Hydrologic Adequacy".
Significant 50% PMP
Low 100-Y ear to 50% PMP The spillway design storm requirements may vary

from the 100-Y ear storm (for in-channel, low head
damswhich will be completely inundated by the 100-
year storm event) to the 50% PMP (for normal
situations, where the downstream hazard is likely to
increase from low to significant in the future). A
smaller percentage of PMP may be accepted by the
Division of Water on a case by case basis, if the
conseguences of dam failure can be demonstrated to
be negligible or assurance in the form of a deed
restriction, covenant, etc. is provided to the Division
of Water prohibiting new development within the
dam breach inundation zone.

NOTE: *Information regarding this publication may be obtained from the Division of Water . The owner and engineer
should recognize that dam construction typically resultsin higher risks. If an Incremental Hazard Evaluation
procedureis utilized, the owner should periodically evaluate the downstream areato determineif thiseva uation
is accurate as new development takes place. The owner may eventually be required to modify the dam and
spillway to safely pass the runoff from the 100% PMP, if such analysisindicates that the earlier results are no
longer valid due to new devel opment occurring downstream.

4.2.4

The 6-hour PMP hyetograph is derived using the NRCS Type B distribution while
the 24-hour PMP hyetograph is derived using the NRCS Type Il distribution. Both
distributions are shown in Appendix D. Other rainfall distributions may be used to
develop the design hyetograph. The Project Engineer isencouraged to meet with the
Division of Water staff to discuss the use of other methods.

Watershed Area

Watersheds should be delineated on USGS 7% minute topographic maps in
accordance with recognized USGS delineations in the booklet, “ Drainage Areas of
Indiana Streams” to determine the size, shape and relief of the area contributing
runoff to thereservoir. Watersheds are divided into sub-watersheds when appropriate
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4.2.6

(see http://in.water.usgs.gov/cdfactsheet/index.shtml) for use in delineating
watershed boundaries. The engineer should consider dividing the watershed into
sub-watersheds when the area above the dam is greater than 2000 acres or the sub-
watersheds have significantly differing characteristics such as slope, land use, soil
types, or shape.

Time of Concentration

There are numerous methods that can be used to compute the time of concentration.
The size, shape, and geomorphol ogy of the watershed are key factors that should be
examined in detail before selecting a method. The surface runoff path should be
divided into subreaches depending upon type of flow (sheet-overland, concentrated,
gully, storm sewer, culver, ditch, stream, or channel), land cover, and slope. The
kinematic wave method may be applied to calculate travel times from the point of
entry into the lake, through the reservoir, and to the spillway outlet. Travel time
calculationsfor each subreach should be provided and the total travel timeindicated.
Parameter limitations of each method should be examined before a method is
selected. Thefollowing arealist of methods frequently used to compute the time of
concentration:

- NRCSTR-55Method (computes Tc directly by dividing the watershed into flow
segments for both overland and channel flow; travel timesfor each segment are
summed from the most hydraulically remote point in the watershed to the
reservoir)

- NRCS Upland Method

- Kinematic Wave Method (computes Tc directly by dividing the watershed into
flow segmentsfor both overland and channel flow; travel timesfor each segment
are summed from the most hydraulically remote point in the watershed to the
spillway outlet)

Other Tc methods are acceptable. Documentation for the method used to determine
the Tc should be included in the engineering report and should include the
equation(s) and the design methodol ogy (see Section 4.11).

Rainfall Losses

Initial abstraction and infiltration are deducted from the total rainfall to derive the
runoff hydrograph. In the absence of site-specific data, lumped parameter models
such asthe NRCS Runoff Curve Number Method (National Engineering Handbook,
Section 4, Technical Release 5, or Engineering Field Handbook, Chapter 2) can be
used. The NRCS Runoff Curve Number Method is a methodol ogy that determines
losses and initial abstraction onthebasisof soil typesand land use. Asaminimum,
curve numbers should be determined for antecedent moisture condition (AMC) 1.
The engineer should consider projected land use changes in the computation of the
curve number. Design documentation will include soil types, land use, maps, and the
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methodology used in calculating the curve number (see Section 4.11). The COE
HEC-1 and HEC-HM S programsinclude other lossrate methods that are acceptable.

Hydrographs

Because smaller watersheds in Indiana are ungaged, the use of synthetic unit
hydrographs is an accepted procedure for the computation of runoff hydrographs.
Synthetic unit hydrographs are based on the assumption that watersheds within a
homogeneous region have similar rainfal-runoff characteristics. The NRCS
dimensionless unit hydrograph istypically used and isvalid for watersheds up to 50
squaremilesinsize. Larger watersheds can be divided into sub-watershedslessthan
20 square milesin size to use the NRCS method. Clark’s unit hydrograph, which
considersthe storage effects of the watershed, and Snyder’ s unit hydrograph, which
considers the physical geometry of the watershed, are useful for analyzing larger
watersheds. Snyder’smethod isvalid for watershedsranging in sizefrom 10 square
miles to 10,000 square miles. Other synthetic unit hydrographs may be acceptable
but should be coordinated in advance with the Division of Water.

Channel Routing

Large heterogeneous watersheds are frequently delineated into sub-watersheds and
stream networks. Runoff hydrographs are derived for each sub-watershed and
channel routed through the stream network to the reservoir. The Modified Puls
M ethod and the Muskingum-Cunge M ethod aretypically used to perform the channel
routing. The Muskingum-Cunge Method requires knowledge of the physical
characteristics of the channel, such as the reach length, cross sections and slope to
compute the routing coefficients. Both methods may be used with the HEC-1 or
HEC-HMS programs to derive the runoff hydrograph for the watershed.

Hydraulics

Hydraulic calculations are performed to determine the el evation-discharge characteristics of
closed conduit and open channel spillways. Principlesof fluid mechanicsallow the engineer
toanalyzewelir, orifice and full pipeflow in closed conduit systems, which may includeinl et
structures, outlet structures, gates, and valves. Open channels are typically analyzed under
steady, nonuniform flow conditions to determine the location of the control section and the
water surface profile. Transitions from gradually varied flow to rapidly varied flow
frequently occur in open channels and the analysis should eval uate the effect of side channel
entrances, ogee sections, bridges, geometric transitions, and energy dissipation structures.

43.1

Spillways
The design of spillways for a dam project requires consideration of numerous

parameters. Among these parameters are the type, size, and location of primary and
emergency spillways and the need for inlet and outlet structures. Thetopography and
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soil conditions at a site are important considerations in the design of spillway
systems. The need for energy dissipation, erosion control, debris protection measures,
and maintenance procedures should be evaluated.

Typically, adam will have at least two spillway structures, aprincipa (or primary)
spillway and an emergency (or auxiliary) spillway. The combined capacities of the
spillways should be able to safely pass the runoff from the design storm without
overtopping thedam. The emergency spillway should be an engineered open channel
to prevent blockage during the design flood.

Due to the high maintenance costs and the erosion potential of grassed open channel
spillways, it isdesirable to minimizethe frequency of use of the emergency spillway.
A typical approach isto design the spillway system so that the emergency spillway
only operatesfor rainfall events greater than the 100-year event. For significant and
low hazard structures, the emergency spillway should only operatefor rainfall events
greater than the 50-year storm.

The emergency spillway (regardless of the type) should be properly protected against
erosion in order to provide structural resistance to up-lift, cavitation, vibration, and
erosion. Sufficient erosion protection should be provided to prevent the uncontrolled
release of reservoir storage below the emergency spillway elevation during thedesign
flood.

4.3.1.1 Principa Spillway

Theprincipal (or primary) spillway controlsthe normal pool elevation of the
lake and should safely handl e outflow from the lake under various conditions
including freeze/thaw and ice buildup. The principal spillway usually
consists of an inlet structure, a closed conduit, and an outlet structure. Ease
of accessfor timely maintenanceisespecially critical. Principa spillwaysare
frequently located within the embankment although they may be situated in
natural ground. Some types of principal spillwaysinclude:

- Culvert(s)

- Drop Structures

- Gated Structures

- Labyrinth Weirs

- Morning Glory Inlets

- OgeeWeirs

- Standard Covered Risers

Public safety should be considered in the design of principal spillway inlets

and outlets. Barriers should be placed on riser openings and signs posted
near inlet structures to warn the public of the hazard posed by spillways.
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4.3.1.2 Emergency Spillway

The emergency (or auxiliary) spillway providesadditiona discharge capacity
asthelakelevel risesto prevent the dam from overtopping during the design
storm. The emergency spillway also provides an aternative for safe
discharge should the primary spillway become inoperable or blocked.

The outlet slope of the emergency spillway should be greater than the critica
slope to cause critical depth (a hydraulic control section) to occur at the
spillway crest. Backwater computations should be submitted for awiderange
of discharges in order to establish a rating curve and show the depth-
discharge characteristicsfor the entirelength of the spillway. Regardless of
the spillway slope, it is advisable to compute awater surface profile for the
design discharge using the Corps of Engineers HEC-RAS or HEC-2
programs to estimate the maximum velocities in the channel and determine
the height of erosion protection required in the spillway.

The emergency spillway istypically an open channel. It should belocated in
natural ground away from the dam so that during the operation of the
spillway, thedam will not be endangered. When thisisnot feasible, adequate
armor protection should be placed on thedam to allow aportion of itto act as
an emergency spillway during the design storm. Emergency spillways in
natural ground are typically vegetated but may need additional protection if
operated frequently or if design flow velocities are excessive. Listed below
are types of acceptable armor protection for emergency spillway channels:

- Articulated Blocks

- Concrete Paving

- Gabion Baskets (underlain with a properly designed filter)
- Engineered Riprap

Early coordination with the Division of Water isrequired when an emergency
spillway will be located on the embankment.

4.3.2 Spillway Rating Curves

A rating curve (plot of elevation versus discharge) should be developed for each
primary and emergency spillway structure. The rating curves should be combined
into an overall rating curve for the reservoir. The engineer should evaluate how the
different spillway structureswill affect the overall outflow capacity and the ability of
the spillway system to safely pass runoff from the design storm.

Design documentation should include the equations used to calculate each of the
spillway rating curves and the design methodology. The rating curves should be
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provided in tabular and graphical format (el evation-discharge tables) for each of the
spillway structures and combination of all structures.

Maximum design flow velocitiesfor the principal and emergency spillways should be
computed when designing structures, outlets, and channels. An evauation of the
maximum velocities is necessary to determine if stilling basins or other outlet
protection is required. The design of suitable energy dissipation measures is an
important consideration for each spillway structure

4.3.2.1 Downstream Channel Conditions

Channel conditions downstream of the dam can greatly affect the discharge
capacity and stability of the dam and should be considered in the overall
design. Insituationswherethere arerestrictionsin flow capacity downstream
of the dam (due to aroadway culvert, bridge, lake, levee, or anarrow valley
cross-section), the restrictions should be evaluated to determine if tailwater
conditions exist at the dam and if the tailwater will reduce the capacity of the

spillways.

Typical stilling basin and plunge pool energy dissipation designsrequirethat
the tailwater elevation for the channel downstream of these structures be
known.

The methodology and data required for determining tailwater conditions at
spillway outlets can vary depending upon the characteristics of each
downstream restriction. Appropriate field data should be obtained for each
downstream restriction, in order to accurately determine the resulting
tailwater effects. Corps of Engineers programs HEC-RAS and HEC-2 are
typically used to calculate backwater profiles for determining tailwater
effects. Other methods or software may be acceptable with prior approval
from the Division of Water

4.3.3 Force and Energy Considerations

The operation of spillway structuresinvolvesthe discharge of significant flowsfor an
extended period of time. In the event the forces and energy resulting from flow
through the spillway structure are not considered in the selection and design of
spillway structures, damage or failure of the structure may occur. Thiscould impact
the overall safety and integrity of the dam.

Structural analysis is necessary to determine the effect of momentum forces on the
spillway structures during the design storm. The results of the analysis are used to
design the structures to withstand these forces. Analysis and design to provide
adequate energy dissipation at each spillway outlet is aso necessary. Listed below
are some types of energy dissipators.
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4.3.3.1 Conduit Spillway Energy Dissipators

- Cantilever Plunge Pool

- Impact Basin

- Riprap Basin

- Stilling Basin (with blocks and end sill)
- Chute Blocks

4.3.3.2 Concrete Chute Spillway Energy Dissipators

- Deflector Buckets
- Hydraulic Jump Basin
- Stilling Basin

Earthen emergency spillways are subject to erosion and possible failure
during the design storm. If thefailure of an earthen emergency spillway could
affect the safety or integrity of the dam, or pose a hazard to downstream
residents and structures, spillway attack calculations should be provided.
These calculations predict the likelihood that an earthen spillway will fail
during the design storm based on soil resistance and bulk length. Field and
laboratory data should be obtained to perform the spillway attack calculations
so that the spillway can be designed to perform safely. The NRCS SITES
computer program may be used to assess the erodibility of an earth spillway.

Structural analysis and geotechnical evaluations regarding spillways should
be incorporated into the structural design section of the engineering report
and submitted with the permit application.

Reservoir Routing Procedures

The elevation-storage characteristics of the reservoir should be determined from a
hydrographic survey of the reservoir, USGS topographic maps, or maps derived from aerial
photography. The elevation-storage data should be submitted in both graphical and tabular
format.

After the runoff hydrograph, the elevation-storage curve, and the combined spillway-rating
curve have been derived, the engineer can perform reservoir routing computations.
Reservoir routing refersto theiterative process of balancing inflow volume, outflow volume,
and available storage volume for incremental time periods over the duration of the design
storm event in order to assess performance characteristics of the reservoir. The Modified
Puls reservoir routing method is typically used to route the runoff hydrograph from the
watershed through the reservoir and spillway system. Alternativesfor various configurations
of the dam and spillway system should be evaluated to design a cost effective principal and
emergency spillway that will be dependable and safe.
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45 Freeboard Calculations

All spillway systems must safely pass the design storm without overtopping the dam. The
characteristics of the reservoir should be evaluated to determine if freeboard is required.
Freeboard is defined as the distance between the maximum el evation of thereservoir during
the design storm and the minimum elevation of the dam crest. In certain situations, the
length and orientation of the reservoir may increase the height of waves during the design
storm. These waves could overtop the dam. The engineer should determine the effects of
wave action when appropriate.

On rare occasions, a dam may be designed to allow overtopping to occur during the design
storm. Because of the complexity and risk involved in designing a dam to withstand
overtopping, the Project Engineer should meet with the Division of Water staff early in the
preliminary engineering phase to discuss specific design requirements.

4.6  Structural/Mechanical

Spillway structures, gates, valves, and appurtenant works should be designed to operate
efficiently and safely handle all expected flows (normal & infrequent) and loading conditions
fromthedam. Spillway structures should be designed to allow maintenance and repairsto be
accomplished throughout the expected life of the dam.

4.7  Filling Schedule for Reservoirs

In some cases, it may be necessary to fill the reservoir in stages to allow time for the
embankment and foundation materials to adjust to the increased hydrostatic |oads resulting
from the reservoir. A schedule for filling the reservoir should be developed, based on the
embankment and foundation performance, as determined by properly instaled
instrumentation and visual inspections. The following is atypical schedule for filling the
reservoir:

- First /3 of the pool level —fill rate unrestricted
- Second 1/3 of pool level - no more than 2 feet per week
- Final 1/3 of pool level - no more than 1 foot per week

4.8 Drawdown Time
All dams should have an adequately designed drawdown structure to allow maintenance and
accommodate the requirements of the Operation Plan and the Emergency Action Plan. The
dam owner should consider the affects of downstream flooding during reservoir drawdown
operations

Rapid drawdown situations affect the stability of the embankment and should be considered
when designing the dam and lowering the pool. Therate of safe drawdown and the capacity
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of the drawdown pipe should be computed by the engineer and documented in both the
Operation Plan and the Emergency Action Plan.

Spillway Materials

Proper selection and design of materials for a spillway system are as important as the
capacity. Metal, concrete, riprap, geosynthetics, and high-density polymers are some of the
materials available for spillway structures. The anticipated loads, required operations,
expected performance, life cost, and the spillway environment should be considered in the
selection of spillway materials.

Materials for pipe spillways should be selected carefully. Pipe spillways are designed for
pressureflow. Corrugated metal pipe (CMP) joints are not designed to bewatertight in high-
pressure applications and are not recommended for use in spillway systems. Welded steel
pipe is acceptable in low-head applications but cathodic protection should be provided to
delay the onset of corrosion. Because of construction issues, past failures, and the lack of
long-term performance documentation in spillway applications, the use of polyvinyl chloride
(PV C) and high-density polyethylene (HDPE) pipes are not recommended for spillway pipes.
Reinforced concrete pipe (RCP) isvery durable and istypically used in pipe spillways. Bell
and spigot joints with rubber o-ring gaskets provide a watertight joint in most RCP
applications. The use of anti-seep collars and/or seepage control diaphragms should be
included in the design and construction of conduit spillways through dams.

Hazard Evaluation and Dam Break Analyses

Properly designed, constructed, and operated dams can be expected to attenuate downstream
discharges during flood events. However, failure of a dam during normal conditions or
during aflood event can create a potential hazard far greater than that which existed without
thedam. The consequences of dam failure should befully evaluated and analyzed in order to
properly identify and define the extent of the potential "hazard zone". The results of these
analyses should be used in determining the hazard classification of the dam and developing
the Emergency Action Plan procedures.

4.10.1 Dam Break Analysis Methods

The degree of study required to define the impacts of potential dam failuresis site
specific and will vary depending upon the type and height of dam, size of reservair,
and downstream conditions. In some cases, detailed studies referred to as, "dam
break" or "dam breach" analyses, will be required to determine the anticipated
downstream hazard zone.

The generally accepted procedure for dam break anaysis involves application of

unsteady flow and dynamic routing methods. The following computer programs
apply this procedure:
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- DAMBRK (National Westher Service)
- FLOODWAYV (National Wesather Service: combines the DAMBRK model
with the DWOPER model)

The Corps of EngineersHEC-1 hydrologic model may also be used to perform adam
break analysis to determine downstream inundation areas. The HEC-1 dam break
simulation assumes that the reservoir pool remains level while water is released
through an incrementally changing triangular, rectangular, or trapezoidal breach in
the dam. The HEC-1 model can be used with ariver routing scheme to delineate
downstream flood zones or in conjunction with the COE HEC-RAS or HEC-2
models to simulate steady, nonuniform flow conditions in the downstream channel
and floodplain. When the COE models are used, the hydrologic methods are
assumed to be appropriate for the dynamic flood wave. Under most conditions, these
assumptionswill be approximately true and will provideresultsthat are sufficiently
accurate for the determination of the downstream hazard zone. Appropriate careis
recommended in interpreting the results of a dam break analysis based on these
assumptions. If ahigher order of accuracy is necessary, the National Westher Service
unsteady flow models should be applied.

4.10.2 Dam Break Analysis Parameters

The accepted methodsfor determining dam break analysis scenarios require the user
to select the dam failure parameters under a variety of failure modes. Table 2
providestypical valuesfor these parameters. The parametersincludethesize, shape,
and time of formation of the dam breach.

The conditions during which the s mulated dam breach occursisacritical component
of theanalysis. A "sunny day" breach analysisimpliesthat the dam fails asaresult
of structural, geotechnical or mechanical failure, not asaresult of overtopping of the
dam. However, it is advisable, when performing a sunny day breach analyses, to
assume (at aminimum) that the reservoir pool elevation isat the emergency spillway
operating elevation. In the event that the reservoir does not have an emergency
spillway or other open channel spillway outflow, the reservoir elevation should be
considered to be at the minimum dam crest elevation.

Simulation of adam break during the design storm is also advisable. This analysis
should be considered in situations where there is the potential that the spillway
system capacity could be significantly reduced as a result of blockage, operating
failure, or some other condition. This dam break scenario assumes that the failure
will occur as soon as the reservoir elevation exceeds the minimum dam crest
elevation. Careful consideration should be given to the amount of inflow, the
reservoir elevation at failure, and the downstream water elevation. If arecent storm
event has occurred, downstream conditions may still be fully saturated or at aflood
level.
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When analyzing a sunny-day breach or a dam break during the design storm event,
the flood storage provided by downstream dams may be considered by the engineer if
these dams are approved by the state and regularly inspected. If adownstream damis
not approved by the Division of Water or if an approved downstream damisfound to
overtop, the water stored by the dam is assumed to be released and included in the
analysis.

Table 2: Suggested Breach Parameters for Indiana

Avg. Breach Width , Timeto Failure
Type of Dam BR (fect) Breach Side Slope Z TEH (Hours)
Vertical or Slope of
Arch w Valley Walls 0.1
Masonry; Gravity Monolith Width Vertical 0.1t00.3
Rockfill HD
Timber Crib HD Vertical 0.1
Slag; Refuse 80% of W 1.0t02.0 0.1t01.0
Earthen "non-engineered"” 2HD to 5HD 0.0t0o1.0 0.1
Earthen "engineered" 0.5HD to 5HD 0.0t01.0 05t01.0
Definitions: BR Average Width of Breach
HD Height of Dam
TFH Time of Full Formation of the Breach
w Crest Length
Z Horizontal Component of Side Slope of Breach

411

Documentation

The hydrologic and hydraulic design and analysis of a dam consists of extensive
technical work. The engineering report should clearly document the programs,
assumptions, parameters, equations, tables, graphs, methodology, engineering
judgement, results, and recommendations that were used in the evaluation process.
When computer programs are used to perform hydrologic and hydraulic
computations, copies of the data files should be submitted in electronic format
(floppy disk or CD). The engineering report should be submitted with the permit
application to facilitate the review and approval process.
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Section 5
DRAWINGSAND SPECIFICATIONS

5.1

5.2

I ntroduction

Every proposed dam or dam repair project requires a set of complete drawings (also referred
to as plans) and specifications tailored to the project.

The drawings and specifications are based on the results of the technical evaluations
(hydrologic/hydraulic, geotechnical, geologic, structural, etc.) described in the previous
sections and recommendations in the engineering report. This section lists items which
typically are included in a set of drawings and specifications submitted to the Division of
Water. Thisisnot intended to be an dl-inclusivelist, nor will all of theseitems be required
for every project. Thislistislimited to aspects of the dam and appurtenant structures. Other
items such as an erosion control plan and a plan addressing archeological and cultural
resources may need to be submitted for review by others. Some of theitemsin this section
may be combined for clarity or simplicity.

Selected plan sheets for an example dam have been included in Appendix E to illustrate the
level of detail and completeness required for small to medium size dams. In Appendix Fis
alist of the Common Pitfalls that render plans and specifications incompl ete.

Construction Drawings Guidelines
It is recommended that drawings be submitted on 24” X 36" sheets.
521 Title Sheet

5.2.1.1 Location map with North arrow and scale

5.2.1.2 List of drawings

5.2.1.3 Twenty-four (24) hour contact and phone number
5.2.1.4 Owner's name, address, and phone number
5.2.1.5 Engineer's name, address, and phone number
5.2.1.6 Engineer's professional seal

5.2.1.7 Legend & Information

5.2.2 Regional Plan

5.2.2.1 Regiond featuresthat the contractor should be aware of during construction
(i.e. drainage area, upstream dams, etc.)

5.2.2.2 Location of proposed lake and dam

5.2.2.3 Downstream hazards (buildings, road, etc.) potentialy impacted by dam
breach

51 January 1, 2001



Section 5 — Drawings and Specifications

5.2.3 Vicinity Plan

5.2.3.1 Excavation within the area upstream from the toe of the dam should be
based on safety considerations. The Project Engineer usually determines
the limits of excavation.

5.2.3.2 Disturbance limits

5.2.3.3 Existing topography

- source (aerial, ground survey, data source)

5.2.3.4 Exidting features

5.2.3.5 Borrow/spoil areas

5.2.3.6 Property/easement limits and owners/easement holders

5.2.3.7 North arrow and scale

5.2.3.8 Demoalition

524 SitePlan

5.24.1 Sitegrading
5.2.4.2 Existing topography
- source (i.e. aeria, ground-run, data source)
- contour interval 2-5 ft suggested.
5.24.3 Existing features
5.2.4.4 Borrow/spoil areas
5.2.4.5 Disturbance limits
- should be based on safety considerations.
5.2.4.6 Property/easement limits and owners/easement holders
5.2.4.7 Proposed structures, spillways and features
5.2.4.8 Demoalition
5.24.9 North arrow and scale
5.2.4.10 Geotechnical exploration locations
5.2.4.11 Survey control points

5.2.5 Profiles and Sections

5.25.1 Dam centerline profile
- subsurface soils/rock borings
- crest profile (showing compensation for settlement)
- seepage collection and drainage features
5.2.5.2 Dam cross sections
- foundation preparation
- embankment zoning
- upstream and downstream slopes
- seepage collection and drainage features
- cut off trench
- roadway on crest
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5.25.3 Emergency spillway profile

- typical section

- Cross sections

- training berm profile
5.25.4 Principa spillway profile

- conduit camber

- anti-seep collar

- seepage control diaphragm
5.25.5 Seepage reduction

- clay blanket

- keyway

- durry wall

- grout curtain

- other relevant items

5.2.6 Seepage Collection

5.2.6.1 Dran Types
- chimney drains
- blanket drains
- trenchdrains
- toedrains
- foundation drains
- filter collar drains
- rock toes
- other
5.2.6.2 DranPlans
5.2.6.3 Drain Profiles and Sections
5.2.6.4 Drain Details
- outlet headwalls
- cleanouts
- collection pipe
- animal guards

5.2.7 Instrumentation Plan

5.2.7.1 Settlement plate locations

5.2.7.2 Piezometer locations

5.2.7.3 Instrumentation details (as needed)
5.2.7.4 Instalation details (as needed)

5.2.8 Structural Plans

5.2.8.1 Genera Plans

5.2.8.2 Structura sections and details
5.2.8.3 Waterstop details

5.2.8.4 Concretejoint details and locations
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5.2.85 Trashrack details
5.2.8.6 Spillway dab
- underdrains
- anti-cavitation details
5.2.8.7 Ouitlet pipe and concrete cradle details
- filter collar
5.2.8.8 Intake structure details
5.2.8.9 Retainingwal
- foundation
- wadl drain
5.2.8.10 Lake drawdown pipe

5.2.9 Miscedlaneous Details

5.2.9.1 Shoreline wave protection
5.2.9.2 Internal drainage outlet
5.2.9.3 Plunge pool details
5.2.9.4 Rip-rap details

- limits

- thickness

- type

- bedding

- geotextile
5295 Gates& Vaves
5.2.9.6 Pavement Details

5.3 Construction Specification Guidelines
5.3.1 Site Preparation
5.3.1.1 Reservoir clearing
5.3.1.2 Clearing and grubbing
5.3.1.3 Waste disposa
5.3.1.4 Stripping
5.3.1.5 Demoalition
5.3.2 Dewatering and Diversion

5.3.2.1 Diversion of water
5.3.2.2 Removal of water

5.3.3. Earthwork

5.3.3.1 Undercutting
5.3.3.2 Excavation
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5.3.3.3 Rock removal
5.3.3.4 Borrow area development
5.3.3.5 Fill materia placement
- Compaction
5.3.3.6 Backfilling
5.3.3.7 Rock fill

5.3.4 Foundation Treatment

5.34.1 Drilling and pressure grouting
5.3.4.2 Slurry trench

5343 Keyways

5.3.4.4 Treatment of rock surface
5.3.4.5 Rock anchors

5.3.5 Conduits

5.3.5.1 Reinforced concrete pressure pipe
5.3.5.2 Reinforced concrete pipe

5.35.3 Sted pipe

5.35.4 Ductileiron pipe

5.355 PVC siphon pipe

5.3.5.6 HDPE pipe

5.3.6 Seepage Collection Systems

5.36.1 Toedrains
5.3.6.2 Blanket drains
5.3.6.3 Chimney drains
5.3.6.4 Trenchdrains
5.3.6.5 Foundation drains
5.3.6.6 Filter collars
5.3.6.7 PVCdran pipe
5.3.6.8 Aggregates
5.3.6.9 Geotextiles

5.3.7 Erosion Protection
53.7.1 Rip-rap
5.3.7.2 Geotextiles

5.3.7.3 Other
5.3.7.4 Articulated block
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538

539

5.3.10

5311

5.3.12

5.3.13

Grassing and V egetation

5.3.8.1 Soil preparation
5.3.8.2 Seeding
5.3.8.3 Mulching

Fencing

5.3.9.1 Fence
5.3.9.2 Gates

Instrumentation
Concrete

5.3.11.1 Formwork

5.3.11.2 Reinforcement

5.3.11.3 Accessories

5.3.11.4 Cast-in-place concrete
5.3.11.5 Precast concrete

5.3.11.6 Roller compacted concrete
5.3.11.7 Waterstops

5.3.11.8 Joint materid

Metals

5.3.12.1 Trashrack

5.3.12.2 Structural steel
5.3.12.3 Miscellaneous metals
5.3.12.4 Anchor bolts
5.3.12.5 Handrails

Equipment

5.3.13.1 Sluice gate
5.3.13.2 Valves
5.3.13.3 Waeirs
5.3.13.4 Other
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CONSTRUCTION MONITORING

6.1

I ntroduction

The best embankment and spillway design can turn out to be a failure without proper
construction monitoring. It is critical that the Project Engineer adequately monitor the
construction of the dam and the initid filling of the reservoir. It isaso important to monitor
the performance of the dam following the completion of construction.

6.1.1

6.1.2

6.1.3

Construction Versus Post Construction

The monitoring program for the construction of a new dam, or the remediation of an
existing dam, includes both the actual construction work and the initial reservoir
filling (refilling). This section of the guidelines deals primarily with the actual
construction period.

Project Engineer and other Technical Professionals

The Project Engineer should work closely with the owner and remain involved with
the project during construction. Asthe owner’s representative, the Project Engineer
should make regular visits to the site. For large projects, the Project Engineer may
designate a field engineer to remain on site and monitor all construction work. In
most instances, a geotechnical engineer will be actively involved with the project for
the design firm, or as a subconsultant to the design firm. The geotechnical engineer
will perform many of the construction monitoring activities. A senior geotechnical
technician may be assigned to deal with many of the routine aspects of construction
such as monitoring clearing and grubbing activities, monitoring foundation
preparation, and performing compaction testing, concrete testing, and gradation tests
of the filter and drain material. In addition, other engineering disciplines may be
involved in project management and structural evaluations.

Level of Involvement

For large projects, the construction operations should be monitored on a full-time
basis. The appropriate design engineer should monitor the construction work that will
remain part of the completed project. Many of the construction activities require
meeting not only minimum performance requirements, but also observing the details
of the actual construction. For example, monitoring the earthwork requires more
than density testing which provides only an indication of the degree of compaction
and the in place moisture content of the fill material. It isimportant to monitor the
placement of the materiasin the dam to make sure lift surfaces are properly prepared
and material is placed in the zones depicted on the design plans. This can only be
determined by full-time observation of the construction activities.
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6.1.4

6.1.5

6.1.6

6.1.7

Need for Technical Professional Involvement

Design activities continue through the construction phase. Interpretations of
subsurface data, constructability issues, and modifications necessitated by the
contractor's experience and equipment mandate that representatives of the design
team remain involved throughout the construction process. These individuals are
most familiar with the design assumptions and are in the best position to recommend
appropriate modifications, if needed.

Adherence to Plans and Specifications

The primary function of the construction monitoring team is to verify that the
contractor complies with the approved plans and specifications.

Design Changes/Field Conditions

Situations occasionally occur where the design will need to be atered due to
unforeseen field conditions. The Project Engineer can help facilitate a quick
resolution to these situations. Changes that are significant will need to be reviewed
and approved by the Division of Water prior to the change being implemented.

Minor modifications should be reported and documented on the as-built drawings.

Certification

Almost al permits on dams include a condition that requires the applicant to submit
as-built plans certified by a professiona engineer. The Project Engineer needs to be
closely involved in the construction activities to be able to provide such a
certification.

6.2 Routine Construction Monitoring Reports

The following is a brief listing of several of the aspects of construction monitoring that
typically need to be performed. This should not be considered an dl-inclusive list and should
be amended or expanded to account for the particular dam being built. Ideally, all aspects
of the construction phase should be monitored and reported.

6.2.1

Clearing and Grubbing

The Project Engineer should evaluate the site after the contractor has compl eted the
clearing and grubbing operations to determine that adequate procedures have been
followed to alow for subsequent construction. This monitoring should be reported
in adaily inspection report.
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6.2.3

6.2.4

6.2.5
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Subgrade

The Project Engineer should monitor the subgrade and foundation preparation for the
dam. This involves items such as stripping, undercutting of unsuitable material
(particularly flood plain undercutting), and keyway/cutoff construction. The
conditions observed, including items such as depths of excavation and quantities
should be documented in the daily field reports. The geotechnical engineer should
approve al subgrade areas before fill placement occurs.

Drains

The Project Engineer should monitor all aspects of the internal drain system
construction. The internal drainage system may include a number of components
such as foundation drains, blanket drains, chimney drains, and collections systems.
Since these systems are filtered either with natural materials or synthetic materials,
the monitoring should assure that al filters completely enclose more pervious
materials, and that the drains extend into the desired material for the proper control
of the phreatic surface. Field adjustmentsto the drain construction are common and
should be documented in daily monitoring reports.

Outlet Works

The Project Engineer should monitor the construction of spillway and drawdown
pipes, and their associated intake and outlet structures. Intake control structures
typically require assessment of allowable bearing capacity and adequate subgrade
preparation. Outlet structures commonly incorporate some underdrainage. Conduit
alignments may include concrete anti-seepage cradles, as well as filtered seepage
collars. The engineer should monitor the configuration of excavations for conduits,
and closdly assess all backfilling procedures adjacent to this critical area of the dam.
Density tests and concrete tests should be conducted and reported. The geotechnica
engineer should approve all subgrades for cradles and structures for subsequent
construction.

Earthwork

The geotechnical engineer or a qualified representative should monitor al aspects of
the earthwork operations on afull time basis. Routine density testing and moisture
control should be reported. In addition, the construction techniques utilized by the
contractor should be reported and evaluated to assure conformance with the project
specifications. The engineer's representatives should verify that all materials placed
in the embankment are suitable for their intended use and that proper lift treatment
is performed by the contractor to assure adequate bonding of the individua lifts. The
engineer's representatives will determine if moisture adjustments are needed at the
fill pad prior to fill placement. Thismay include either wetting or drying the borrow
material to achieve suitable moisture content. The engineer's representatives should
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assure that the contractor is using appropriate equipment in the grading activities.
Reporting would typically include daily inspection reports summarizing the grading
activities and the individual density test report.

6.2.6 Instrumentation

The details of the instrumentation program are outlined in Appendix C.
Instrumentation may be placed during the construction process or at the completion
of the general embankment construction. In many instances, instrumentation will
include devices that are intended to be read during the construction process. For
example, settlement plates or devices placed at the base of the dam are typicaly read
throughout the construction process. The engineer should observe the installation of
al instrumentation, and eval uate data collected during construction. The data should
be compared to design projections to determine if any modifications or further
assessments are needed.

6.2.7 Construction Photographs

It is considered good practice to take photographs or video recordings of critical
aspects of the construction. These may be in the form of regularly scheduled
photographs of the work progress, or specific photographs of certain aspects of the
construction. The intent isto obtain a permanent record should any difficulties arise
during initial reservoir filling or during subsequent operation of the dam.
Photographs should be adequately |abeled and dated, and are typically maintained in
the design engineer's file. In certain instances, copies should be provided to the
Division of Water to document unusual situations.

6.3  Special Construction Monitoring Reports

There may be situations where specia construction monitoring is needed and the collection
and presentation of information is required. Guidelines are presented in Appendix G. In
applying these guidelines, the Project Engineer should use good judgement and elaborate
upon them as required by the particular geologic/foundation setting and engineering
requirements. These guidelines are not intended to be exhaustive and include al items
contained in a specia report. However, they do provide guidance to formulate a data
acquisition program for planning and documenting specialized work.

6.4 Post Construction Monitoring

The purpose of the post construction monitoring program is to provide information regarding
the behavior of the constructed or rehabilitated dam. Thisinformationisused in conjunction
with as-built drawings and construction photographs to evaluate the performance of the
newly constructed dam and to compare to historical datafor an existing dam. The recorded
data is compared to design assumptions for the dam in order to monitor lake filling and
provide a means for future monitoring, operations, and maintenance.
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As-Built Drawings

A set of as-built drawings should be submitted to the Division of Water following
completion of construction and within the time limits specified in the permit. The as-
built drawings should include, as a minimum, the following:

6.4.1.1 Approved Modifications - All previously approved design and construction
modifications should be incorporated into the final document.

6.4.1.2 Monitoring Program - A monitoring and instrumentation program should be
described if oneisrequired.

6.4.1.3 Acceptance Criteria - A list of critical design assumptions and expected
behaviors that need to be validated initially and long term should be included.

6.4.1.4 Instrumentation Locations - The location of al post construction monitoring
instrumentation should be shown on the as-built site plan.

6.4.1.5 Certification - A written certification from the Project Engineer that the dam
was constructed as shown on the as-built plans.

Lake Level

After approval by the Project Engineer, the reservoir drawdown valve may be closed
and the process of filling the lake may commence. Adherence to the reservoir-filling
schedule should be controlled by operation of the outlet worksin order to maintain
the differential risein Lake Level and maintain flow (see Section 4.7). In the event
that sudden changes occur which may be indicative of a potential dam failure, the
lake level should be lowered and the Division of Water notified immediately.
Otherwise, after the lake reaches the norma operating level, the approved
maintenance, inspection and operation plan should be initiated.

Physical Condition of Dam

Areas of potential weakness and their effects on dam stability should be identified.
Visua observations should be made in conjunction with instrumentation monitoring
to adequately assess the safety of the dam. Initial surveillance of the dam's
performance should be conducted by the Project Engineer to confirm design
assumptions and to eval uate performance. Many unusual or abnormal conditions can
be identified by awalking tour of the dam crest, slopes, toe, and abutments. Long-
term ingpection, operation, and maintenance will be the responsibility of the dam
owner.
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6.4.4

6.4.5

Instrumentation Readings

Readings that are commonly monitored at a dam site include headwater and tailwater
levels, porewater and uplift pressures, crack or joint movement, structural movement,
deformation, seepage flow rates, stress and strain of structural members, temperature,
and seismic loads. A monitoring and instrumentation program that assigns
responsibility to the engineer for data collection, reduction, presentation, and
transmittal to Division of Water staff may need to be developed and documented.
The program should include the reasons for installation, frequency of monitoring,
threshold ranges of instruments, installation logs, calibration data, and initial
readings.

All data should be compared with design assumptions for the expected behavior of
the dam. If no unusua behavior or evidence of problems is detected, the readings
should be maintained for future reference. Threshold readings that indicate the
development of potentially hazardous conditions should be established. Action
should be taken if the data deviates from expected behavior or approaches the
threshold readings, depending on the nature of the potential hazard. Possible actions
include:

- Performing detailed visual inspection

- Repeating measurements to confirm behavior

- Notifying the owner's engineer and the Division of Water
- Increasing frequency of measurements

- Designing and constructing remedial measures

- Installing additional instrumentation

- Operating the reservoir at alower level

- Implementing emergency measures

Photographs

Photographs or videos are useful in documenting the initia site investigation,
subsurface excavation, construction, and as-built conditions. They are helpful for
providing a historical perspective in evaluating whether or not there has been any
change from previous conditions. Photographs and videos should be maintained for
future reference in the event remedial or emergency action is required.
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Table 3: Hazard Classification for Dams **

Damage may occur to
relatively important utilities
when buried lines can be
exposed by erosion and when
towers, poles and above
ground lines can be damaged
by undermining or by debris
produced from flood plain.

Area affected by Dam Breach
Damage to:
LOW SIGNIFICANT HIGH
LOCATION Rural or Agricultural Predominantly Rural or Developing or Urban where
Damage would be Agricultural but roads, individuals could be seriously
minimal and would buildings, utilities or railroads | injured or killed. Buildings,
mostly occur on dam may be damaged. roads, railroads or utilities
owners property. No seriously damaged.
building, road, railroad,
utility or individual
significantly affected.
ROADS No Damage May Damage Serious Damage
County Roads/Single Lane Damage may occur when road | Interruption of service for more
State Roads (serving as the surface acts asweir and depth | than 1 day.
only access to acommunity), of flow is greater than 2 feet
Dual lane State Roads, U.S. over road.
and Interstate Roads.
RAILROADS No Damage May Damage Serious Damage
Operating Railroads Damage may occur Interruption of service for more
when railroad surface acts as than 1 day.
welr and depth of flow is
greater than 2 feet over
railroad.
BUILDINGS No Damage May Damage Serious Damage
Homes-Single family Any flooding above ground Damage will occur when the
residences, apartments, floor level product of velocity f.p.s. at the
nursing homes, motels and building, times the depth of flow
hospitals in feet exceeds avalue of 15.
No Damage May Damage Serious Damage
Industrial/Commercial/Public Kind, construction and Kind, construction, and contents
(schooals, churches, libraries contents of building must be of building must be evaluated.
etc). evaluated. General damage General serious damage can
may occur at any depth of occur at adepth of 3 feet or
flooding more and avelocity of 4 f.p.s. or
more.
POTENTIAL LOSSOFLIFE | No No Yes
Flood depths greater than 1
foot in occupied quarters.
Potential of loss of lifein
recreational areas where
adequate warning systems are
not available.
UTILITIES No Damage May Damage Serious Damage

Interruption of serviceto
interstate and intrastate power
and communication lines
serving towns, communities,
and significant military and
commercia facilitiesin which
disruption of power and
communication would adversely
affect the economy, safety, and
genera well-being of the area
for more than 1 day.

** Modified from Natura Resources Conservation Service Classification
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Appendix B — Outline of Emergency Action Plan

OUTLINE OF AN EMERGENCY ACTION PLAN

A. I ntroduction.

1. Purpose and Scope. The Emergency Action Plan (EAP) should provide a brief
statement of purpose and scope such as: "The purpose of this emergency action plan (EAP) is
primarily to safeguard the lives and secondarily to reduce property damage of the citizens of
Mann County, living along Spring Creek in the event of flooding caused by large runoff or
failure of the Lake Jimmel Dam."

2. Description of Dam. Provide a brief description of the dam including the location,
purpose, name of owner, and date built. If more detail is needed, such as height, maximum
storage capacity or other physical data, include an appendix.

3. Hazard Area. Provide a brief description of the area that would be impacted by a
breach or major flooding. Inclusion of a sketch or schematic may be appropriate here although
detailed inundation maps and descriptions would generally be included in Section G.

4. Responsibility and Authority. Indicate the person or organization responsible for the
maintenance and operation of the dam and the persons or groups responsible for implementing
various phases of the EAP. The basic authority for carrying out the various components of the
EAP should also be cited.

5. Periodic Review, Testing, and Updating. This section should provide the basis to
update, extend, and improve the emergency action plan and to ensure readiness for executing the
plan. Include a schedule for carrying out periodic reviews of the plan by the participants at
intervals not to exceed one year with updating for changes in telephone numbers and personnel
as they occur. Include procedures and schedules for periodic testing of the plan. Special
procedures for those aspects of the plan not susceptible to direct testing should be established
and periodic exercises ssmulating emergencies carried out. Consideration should be given to
updating (such as use of "controlled copies"), whereby plan holders are advised of any changes.

6. Approval. This section should provide the means by which all parties to the plan
agreeto their responsibilities. The following is an example of aformat that could be used:

We, the undersigned, this date acknowledge this Annex or Plan as a part of the
emergency operation procedure to protect life and reduce property damage in case of an
emergency at the Lake Jimmel Dam.

Signature, 1.M. Damowner Date
Signature, County Sheriff, Mann County Date
Signature, Mayor, City of Wetville Date
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Signature, Director, Wetville Date
Emergency Services (Management)

Signature, Chief, Wetville Police Date
Department
B. | dentification of Emergency.

The procedures and means for assuring timely and reliable identification and evaluation of
potential or existing emergencies should be included. These would normally explain the events
or conditions, which indicate an emergency; describe the data and information collection system;
describe the analysis process, designate the responsible person(s); and ensure continuous
coverage through designation of appropriate alternatives.

For unattended dams, the surveillance and warning system should be described along with the
expected reliability and backup system in place to assure that warning is given in the event of
failure of the primary system.

C. Preventive Action.

This section should discuss the preventive actions that need to be taken at the dam to prevent or
delay fallure after an emergency is first discovered. Because of uncertainties about their
effectiveness, preventive actions usually would be carried out simultaneously with appropriate
notification of an alert situation or warning situation.

The dam owner should designate a person who has the authority to make decisions and authorize
immediate expenditures so that repair work will not be delayed.

This section should identify sources of repair equipment, materials, and labor; engineering
expertise; and underwater examiners for use during an emergency. The materials portion should
include sources of clay, sand, gravel, stone, riprap, sandbags, cement, plastic sheeting, and
siphon pipe. The anticipated need for equipment and materials should be evaluated for each dam
and the specific needs and the exact location of each of these items should be stated.

At some dams, it is desirable to stockpile suitable construction materials for emergency use. The
amount and type of construction materials needed for emergency repairs should be determined
on the basis of the structural, foundation, and other characteristics of the dam, design and
construction history, and history of prior problems.

Prior arrangements for use of materials, labor, and equipment should be made if they will not be
at the dam site.
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D. Notification and Coordination.

1. Genera. A mandatory first step in the entire notification chain of events is the
identification that there is or could be a problem at the dam stated in Section B. The chain of
events usually proceeds from the owner, to a local or state government official, who, in turn,
contacts local police and/or civil defense groups. They may contact local news media, and finally
the public who are expected to take some specific actions such as evacuation. The National
Wesather Service (NWS) has the general responsibility for issuing flood warnings. Therefore, the
plan should include NWS natification of any pending or actual dam failure so that NWS
facilities could be used to help disseminate the warnings. The details of the specific steps and
responsibilities of each member in this chain of notification and the expected response must be
clearly defined in the plan and should be prioritized.

2. Emergency Notification and Methods. The responsibility for notifying officials of a
dam emergency rests with the dam owner. For a slowly developing failure, the owner may wish
to reserve this responsbility for management. For an imminent or actual failure, this
responsibility may have to be delegated to the dam operator or local official who can quickly
evaluate the seriousness of the problem. The responsibility should be clearly outlined in the plan.
The method of notification should assure that the message can be delivered. Primary and backup
communication links should be established which offer reliable operation in the extreme flood
and earthquake situations which could cause dam failure.

3. Responsibility. Responsibility for the decision to proceed with the warning and
evacuation of affected occupants generally rests with local and state authorities. In addition to
residents, affected area occupants may aso include operators of water-related facilities
(including resort owners, boat rental concessionaires, and campground operators), users of
recreation facilities, and other people who could be endangered.

To the extent possible, emergency situations that would require immediate notification of public
officials in time to allow evacuation of the potentially affected areas should be predefined and
documented. If sufficient time is available, the decision to notify public officias of an
emergency can be made by the owner or by a designated employee in the dam owner’s
organization. If failure is imminent or has already occurred, project personnel at the dam site
should be directed to notify the public officials. The urgency of the situation should be made
clear so that public officials will take positive action immediately.

4. Use of News Media. The news media, including radio, television, and newspapers,
should be utilized to the extent available and appropriate. Use of news media should be
preplanned by the dam owner or public officials. Notification to the news media may be made by
the dam owner or public officials depending on the type of emergency. Notification plans should
define emergency situations for which each medium will be utilized and should include an
example of a news release that would be the most effective for each possible emergency. The
news media should not be relied upon as the primary means of warning.

5. Alert. An ALERT situation is used to provide notice that although failure or flooding
is not imminent, a more serious situation could occur unless conditions improve. Local officials
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and residents in affected areas should be alerted that an unsafe situation could be developing.
Examples would be: a full reservoir with additional rainfall or snowmelt in the forecast that
could cause discharge through auxiliary spillways or overtopping; or a dam that is seeping
excessively but is not yet a hazardous situation.

6. Warning. A WARNING situation indicates that flooding is imminent either as a result
of high runoff or an impending failure of the dam. It would normally includes an order for
evacuation of delineated inundation areas.

Wherever possible, the warning and evacuation procedures for a dam emergency should follow
the standard operational procedures already established. The difference in dam emergency
events may be the elements of time and size or dimension of hazard. The warning for a dam
emergency must be specific and address these elements. When possible, more than one means of
communicating warnings should be planned and repetitively issued. Consideration should be
given to disseminating the warning to any non-English speaking populace in their language.

7. Continuing Conditions. The person responsible for monitoring the dam should keep
local authorities informed of developing conditions at the dam from the time of initial
determination that an emergency exists until the emergency has been terminated. The emergency
action plan should delineate responsibility for, and the frequency of, conducting and reporting
the results of the continued onsite examination and evaluation of conditions until the emergency
is terminated. It should also contain procedures for the initiation of preventive action, as
indicated in Section C.

E. Evacuation.

1. Genera. Evacuation planning and implementation are the responsibility of the state
and local officials having responsibility in areas that would be inundated by flood releases or
failure of adam.

2. Evauation of Existing Emergency Plans. A review of any existing emergency action
plan should be made prior to the development of the evacuation portion of the EAP. This review
should be coordinated with state and local officials responsible for evacuation and the dam
owner. The addition of an annex to an existing plan may be sufficient. Where such a plan
aready exists, an assessment of the adequacy of several aspects of the plan should be made
before the community decides to adopt an annex and determines what the annex needs to
include.

3. Loca Government Organization. This portion of the plan should discuss the various
aspects of evacuating the affected public by the state and local authorities. It is based on the
particular local government organization. For example, a small community with a less complex
organization and a few affected flood plain residents would need only an abbreviated plan.
However, even then, the action to be taken must be stated very specifically.

4. Factorsto be Addressed. The following factors should be addressed in the evacuation
section:
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(@) Transportation. Evacuation procedures should assure that the planned routes and
modes of transportation will be usable during the dam emergency. Make provisions for any
necessary special assistance to evacuees such as transportation and aid to invalids or the elderly.
It is possible that an existing plan supplemented by maps showing the extent of inundation,
routes for evacuation, and reception centers, is all that is needed. Special care may be needed to
prevent accidental travel into dangerous aresas.

(b) Reception and Care. The plan should provide specific arrangements for shelter,
feeding, and other care for evacuees. The community may want to indicate not only the location
of centers and the care to be provided, but also what cannot be provided and what individuals
should (or should not) bring with them.

F. Emergency Termination and Follow-Up.

An emergency action plan needs to address who and how a declared emergency will be
terminated, security at the dam and downstream disaster areas, and a follow-up critique and
report.

1. Termination. There are two conditions requiring a termination of the emergency.
One has to do with emergency conditions at the dam and the other is related to the evacuation
and disaster response. The dam owner is responsible for making the decision that an emergency
condition no longer exists at the dam. The applicable state or local emergency officials are
responsible for termination of the evacuation or disaster response activities.

The owner and/or responsible state or local officials should agree upon and prepare a news
release in advance which can be used by radio or television announcers to broadcast to the
general public immediately. Such news releases are used to supplement other methods of
notifying the public that the emergency has been terminated. News releases should be devel oped
so that the audience will know precisely what to do when reentering or approaching the affected
area

2. Security and Entry. An emergency action plan should consider security provisions
within the affected area during an emergency to protect the public and permit effective execution
of emergency response actions and, following an emergency, to protect the public and ensure
entry to the disaster areas.

3. Critique and After-Action Report. Following an emergency, a critique should be
conducted among all participants. The critique should discuss and evaluate the events prior to,
during, and following the emergency; significant actions taken by each participant, and what
improvements would be practicable for future emergencies, and all deficiencies found in
procedures, materials, equipment, manpower, leadership, and funding. The results of the critique
should be documented in an after-action report and used as a basis, for revising the emergency
action plan.

4. Other. Include arrangements addressing any other evacuation aspects as required for
reoccupancy of the affected areas.
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G. Hazard Area.

1. Description. The description of the area subject to inundation should be clear and
concise and should include both maps and a narrative descriptions. It should describe the specific
area threatened and it should be easily read and easily understood. It should include information
on the size of the expected flood relating it to known landmarks and historical flood heights.

Information on estimated flood stages, or increases in water surface elevation above normal
levels should be listed for well-known locations. For these same locations, an estimate of the
maximum flood width, or the distance flooding will extend from the watercourse, should be
provided. An estimate of the travel time of the flood wave to various locations should aso be
listed.

Whenever possible, mgjor streets, railroads, or other prominent and well-known features or
distances from such features, should be used in devel oping the description.

2. Conditions Assumed. The conditions assumed in determining the hazard area for
mapping should be explained since an actua emergency may result in greater or less
consequence than assumed.

3. Inundation Maps. Generally, an inundation map depicting the hazard areas for the
assumed breach condition and the design flood without breach condition should be included with
the plan.

Describe the methods used to determine inundation boundaries, maximum water surface
elevations and travel times of the flood wave to significant locations.

The maps should be developed at a scale sufficient to identify features within the area subject to
inundation or possible danger related to the flood. However, the accuracy and limitations of the
information presented on the maps should be discussed. It may be appropriate to supplement the
inundation maps with water surface profiles at critical areas.

4. Narrative Description. Development of the flood plain below some dams is sparse
and the expense of preparing detailed inundation maps is not warranted. A narrative description
of the potential flooding can be provided and supplemented by vicinity maps with pertinent
information at key locations. Individuals living between key locations can estimate their
vulnerability by interpolating data from locations upstream and downstream of their site.
Information on depth of flooding and travel for floods to reach specific locations can also be
provided.
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INTRODUCTION

Purpose of Plan:

The purpose of this document is to provide a plan for monitoring the dam
under various conditions so that an emergency situation at the dam can be properly noted and
reported to agencies and persons affected. This document also provides a plan for the orderly
evacuation of the downstream residents to a place of safety in the event of a potential dam
failure.

Description of Dam and Problems:

The dam is a structure feet high and impounding a
maximum volume of acre-feet of water. The dam has a inch (CMP, RCP)
principal spillway pipe with the inlet located near the abutment (looking downstream)

along the upstream face. The principa spillway riser has a gate vave for draining the
impoundment. The dam has an open channel emergency spillway located in the

abutment (looking downstream). The dam normally has a freeboard (normal pool elevation to
top of dam) of feet.

If the dam was evaluated under the National Dam Inspection Program list al problem areas
found in the summary section:

1)

2)

3)

How to Use This Document:

Persons using this plan will find a sequence of action to be taken depending on rainfall and site
conditions. A summary of where to find specific monitoring, reporting, and evacuation
requirements can be found on the following page (Summary and Index).

Note: A map (plan view) drawing of the dam, spillways seepage zones and important facilities
should be included after this page.
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SUMMARY AND INDEX

Part | - Monitoring Plan

Section A

Section B

Section C

Section D

Normal Conditions:
Dam will be inspected according to a prescribed schedule and checked for items
specified in this section.

Adverse Conditions
Dam will be inspected by a more frequent schedule as prescribed and checked for
items specified in this section.

Standby Alert
Dam has specific problems which could lead to failure. Constant surveillanceis

required. Notification of agenciesisrequired as specified in this section. Setting
up of communications network when necessary. Emergency repairs if possible.

Evacuation Conditions
Dam may fail at anytime. Evacuation order to be given, by qualified person, if
necessary.

Part I - Emergency Warning Plan

Section A Notification
Notification is given to Sheriff’s Department to commence evacuation. Further
notification of agencies, hospitals, media, utilities.
Section B Evacuation
Narrative of evacuation procedures
Part |11 - Post Evacuation Procedure
Section A No failure of dam — cancellation of evacuation
Section B Failure of dam — cleanup operations, agencies to be notified
Section C  Evacuation Map
Section D Inspection Record
Section E  Signature and Distribution List
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Part | —Monitoring Plan

Section A —Normal Conditions:
dry weather and occasional light rainfall. The plan must state areas to be inspected such as condition of trash racks,
spillways, seepage zones, embankment cracking, slumps, bulges, gate or equipment failure, concrete alignment,
mine subsidence, and vandalism.

Action Responsibility
1. I nspect weekly/bimonthly/monthly (name, address, phone)

Note: Alternates may be listed for this section in case of
possibleillness or vacation. Alternates should not bein
the same household as the person with primary
responsibility.

Section B — Adverse Conditions:
heavy or extended rainfall, flash flood warnings, snowmelt. The plan must state areas to be inspected such as
spillways, seepage zones, and discharge levels.

Action Responsibility
1. Inspect daily or more often as necessary (name, address, phone)
2. Open gates as necessary (name, address, phone)

Note: Alternates must be listed wherever possiblein this
and in following sections. Alternates should not be in
the same household as the person with primary
responsibility

Section C — Standby Alert:
according to specific onsite conditions such as depth of spillway flows, cracking, seepage, piping, etc.

Action Responsibility
1 constant surveillance (names, addresses, phone)

Note: Alternates must be listed

2. notify agencies according to checklist (names, addresses, phone)

and wording below* Note: Alternates must be listed

*Standby Alert Notification: The responsible person shall phone each agency in sequence and
deliver the following statement: “Thisis advising you that we are starting constant
surveillance of the dam according to the monitoring and emergency warning plan.
We are notifying you, (name of agency), of this condition, and will inform you if a decision
to evacuate or cancellation of the surveillance has been made.” Then answer any questions
directed by the agency.
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Notification Checklist

(V) Check when notified: Phone:

Division of Water

Office of Emergency Services

Sheriff Department

Mine Safety & Health Administration (if coal related)
Natural Resource Conservation Service (if NRCS structure)

Action Responsibility

3. Start emergency communications network,
based upon the continuing deterioration of site (name, address, phone)
conditions

4. Begin emergency repairs, if possible. Plan

should anticipate type of emergenciesthat may  (name, address, phone)
occur based on the deficiencies of the dam, and

state what materials and equipment may be

required for emergency temporary repairs to

prevent failure. The availability of the

materials and equipment and manpower should

be considered in the plan.

Section D - Evacuation Conditions:
according to specific site conditions such as overtopping of earthen dams, cracking, or piping.

Action Responsibility
1 monitor dam condition, issue evacuation order  IDNR Division of Water — if present, or county authority
if necessary (name, address, phone), or, owner of dam (name

address, phone).
2. if evacuation order is given, proceed
immediately with Part 11.
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Part I - Emergency Warning Plan

Section A - Notification

Action Responsibility
1 Notify agencies according to check list and wording
below: (name, address, phone number)

Evacuation Notification:

The responsible person shall phone or contact the Sheriff’s Department and deliver the following
statement: “Thisis notifying you that an evacuation order for the dam
has been given by at _(time) . Please evacuate people downstream according to the
county emergency operations plan.”

(V) Check when notified: Phone:

Sheriff’s Department or other responsible agency

Section B - Evacuation

Evacuation procedures may include any number of site-specific measures such as evacuation of houses within a
specified vertical distance of a highway, or everyone down to a certain point. These details must be worked out in
advance with cooperation between the Sheriff’ s Department and Office of Emergency Services. A narrative of these
procedures should appear in this section in accordance with the county emergency operations plan. Evacuation
areas and location of evacuation receiving centers must be shown on a county highway or topographic map attached
to this plan.

Action Responsibility
1 Establish command post, direct emergency operations, County OES Director Sheriff of County or
organize effort, direct officials of cooperating ranking deputy State police or ranking officer

agencies, coordinate effort.

2. Transportation of evacuees, list of infirm or disabled
3. Police security of areato prevent looting.
4, Location of roadblocks to prevent unauthorized entry.
5. Location of evacuation centers (not below dam).
6. Agenciesin charge of evacuation centers, including
food, handle inquiries on status of evacuees.
7. Notification of utilities
(V') Check when notified:
Telephone Sewage
Electric State/County Department of Highways
Gas Railroad (if applicable)
Water
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Part 111 - Post Evacuation Action

Section A — No Failure of Dam
Should no failure occur and the hazard pass, cancel evacuation order | DNR responsible to declare hazard secured

Section B — Failure of Dam
Should failure occur:

Action Responsibility
1. Notify agencies according to checklist below: (Name, address, phone)
(V') Check when notified Phone:

Office of Emergency Services
Dam Control Section

2. Evacuation or assistance to persons stranded in
homes due to highway/bridge washout

3. Search and rescue
4, Cleanup crews and equipment
5. Long-term lodging and food relief

Section C - Evacuation M ap

This page will contain a detailed map of primary and secondary evacuation areas, location of the dam, roadblocks,
evacuation centers, etc.

Acceptable maps include US Geological Survey Topographic Maps (available from the Indiana Geologic Survey in
Bloomington or Indiana Department of Highways General Highway County Maps)

Section D — I nspection Record

Date Inspected I nspector Comments
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Section E — Signature and Distribution List for this Document

Name Title Date

(preparer of plan)

(IDNR Approval)

Distribution:

Name and address of Person or Agency

B.13 January 1, 2001



Appendix B — Outline of Emergency Action Plan

EMERGENCY NOTIFICATION PLAN-LAKE JMMEL DAM

START HERE

Owner or Responsible Person Assigned By
Owner Who Observes Problem

A. Gather Pertinent Facts
B. Assess whether developing failure
C. Report to Owner

Owner or Owner’s Representative

Office Phone:

Name: Residence Phone;
Radio:

Name: Residence Phone;
Radio:

Action Priorities:

1. Assessreport to validate correctness of
reported condition.

2. Advise observer about any action required
of him to notify visitors

3. Notify Local Authoritiesto evacuate

Local Authorities-contact all of the following:

County Emergency Management Agency
Director:

Pager:
Phone: Day:

Night:
County Sheriff:

Phone:

Action Priorities:

1. Coordinates evacuation downstream of dam

2. Notify local news media of dam failure

3. Prevent accessto the flooded area and near
dam

residents.

4. Contact Owner’s Engineer
5. Contact Division of Water during working

hours (7:30-4:30 pm)
6. During other hours (evenings or weekends),
contact State Emergency Management
Agency (SEMA)
7. Request Contractor to mobilize to site.

Division of Water 317-232-4162

Action Priorities:
Depending on information received

AL State Emergency Management Agency (SEMA)

Name of Operation Director:

Phone;
Day:
Night:

Action Priorities for Duty Officer

1. Contact appropriate SEMA staff

2. Contact all Dam Safety Personnel listed and
establish telephone conference capabilities
with those available

4L Contractors List:

Contractor:
Address:

Day Phone:
Night Phone:

Contractor:
Address:

Day Phone:
Night Phone:

» Owner’s Engineer: Day Phone:
Name: Night Phone:
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I nspection Checklist

for the
Dam
County
IN
Hazard Classification (circle):  High Significant Low
Type of Dam (circle): Earthfill Concrete Rockfill Mine Tailings
Inspector: Date;
Weather Conditions: Temp: Reservoir Elevation:
ITEM Repair M aintenance No Praoblem
Required Required Observed
CREST

Visua Settlement or Slide Scarp Present?

Roadway Condition (ponded water, wheel ruts)?

Cracks?

V egetative Cover?

UPSTREAM SLOPE

Condition of grass cover?

Condition of riprap protection?

Trees growing on slope?

Cracks?

Settlement or dlides?

Animal burrows?

DOWNSTREAM SLOPE

Condition of grass cover?

Trees growing on slope?

Erosionrills or gullies?

Cracks or depressions above principal spillway pipe?

Slides or bulges?

Uncontrolled seepage or wet areas?

Internal drain outlet?

Inspection Checklist
Page1of 3
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ITEM

Repair
Required

M aintenance
Required

No Problem
Observed

ABUTMENTS

Erosionrills or gullies?

Seepage or wet areas?

Cracks?

Slides or bulges?

PRINCIPAL SPILLWAY

Condition of trashrack (broken, corroded, clogged)?

Condition of Inlet?

Condition of valve on drawdown pipe?

Water exiting pipe with reservoir below normal pool?

Seepage around pipe?

Condition of joints (that can be observed)?

Erosion in discharge channel ?

Debris or heavy growth of vegetation in discharge
channel?

Slides or seepage in discharge channel ?

OUTLET STRUCTURES

Condition of concrete outlet structure

Hydraulically formed scour holes

EMERGENCY SPILLWAY

Condition of vegetation?

Slides in spillway slopes?

Erosion in channel (especially at outlet)?

Obstructions in discharge channel ?

RESERVOIR

Change in normal pool elevation of reservoir?

Slides along reservoir shoreline?

New dam constructed upstream?

Unexplained drop in reservoir level?

January 1, 2001 Inspection Checklist
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ITEM Repair M aintenance No Praoblem
Required Required Observed

DOWNSTREAM HAZARD CLASSIFICATION

Recent downstream devel opment?

New dam downstream?
OTHER OBSERVATIONS
COMMENTS:

Inspection Checklist January 1, 2001
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A.  Geotechnical Addendum - Insitu/Field Testing
1. Field Permeability Tests

Field permeability tests are generally considered to be more representative of the hydraulic
conductivity of foundation materials and existing embankment materials than are laboratory
permeability tests. The field testing techniques may be the only practical means of establishing
foundation permeability for certain material types.

Foundation Soil - The in-situ permeability of potential foundation materials may be determined by
performing field permeability tests. Selected zones of the foundation profile including aluvial
materials, which may be allowed to remain in place, residual foundation soils, and partially
weathered rock, are conducive to thistechnique. The monitoring wells that may have been installed
to better establish the ambient groundwater conditions typicaly can be used for the field permesability
test. Bailing or dug testsaretypical. Pumping tests or inflow tests may be appropriate where higher
permeabilities exist. Monitoring wells should be carefully constructed to assure that the zone of
material desired for testing has been isolated within the screened sections of the well by appropriate
seal s such as bentonite and grout. The field testing technique is generally considered to provide the
horizontal permeability values directly, without the need for adjusting vertical |aboratory
permeability test results. In addition, abroader cross-section of the subsurface profile can be tested
by this technique. Care should be exercised in higher permeability situations to assure that the
values being measured do not represent the actual well materialsinvolved in the well construction.
These field techniques are typically only applicable to zones of material below existing groundwater
levels. Therefore, laboratory-testing techniques are generally required for materials above the
groundwater level so that saturation of the material can be established prior to testing.

Existing Embankment Fill Materials - Techniques utilized for the foundation soils can be considered
for determining permeability values of existing dam embankment fill materials. This procedureis
generally only applicable to the materials that exist below the currently established phreatic surface
through the dam. Therefore, the existing reservoir would need to be impounded at the time of
testing. Thistechniqueis generaly not applicable where the lake has been temporarily drained.

Foundation Rock - Packer permeability tests are typically performed to determine the hydraulic
conductivity of foundation rock. Either single or double packers are commonly employed to help
isolate specific zones within the foundation rock profile. In most instances, fractures and
discontinuities within the rock control the hydraulic conductivity of the material. However, the test
results are commonly expressed as an equivalent permeability over the length of the test section.
Relatively short test sections may be employed to help isolate higher permeability zones. Aswith
the monitoring well type permeability tests, care should be exercised to assure that the hydraulic
conductivity values being determined do not represent the hydraulic limitations of the packer test
equipment.
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2. Other Field Tests

Srength Testing - Variousfield testing techniques may be considered where soft or low consistency
foundation materials exist that cannot be accurately modeled by Standard Penetration Testing or
undisturbed sampling. The vane shear test is commonly employed in very soft cohesive deposits.

Pressuremeter or dilatometer testing may be considered for a broad range of material types and
consistencies. Cone penetrometer soundings may also be considered. To some extent, these field
testing techniques have evolved as preferable in certain locations and certain geologic settings.
These techniques normally would only be considered where direct support of a new embankment
on very weak materialsis being considered, or to supplement laboratory testing in materials that are
difficult to sample.

Geophysical Methods - A variety of geophysical testing techniques are available and may be
considered in certain applications. These approaches would typically be applicable to avery limited
number of dam projects due to the specialized nature. The most common technique is the shallow
seismic refraction survey, which can be useful in profiling difficult excavation materials. The
seismic refraction survey would likely have most applicability in a dam study to generally screen
potential borrow areas, since this technique can be negatively impacted by existing groundwater
conditions. Thistypicaly provides arelatively low cost and expedient technique that generally does
not require an invasive approach similar to test pits or borings.

Other Tests - Other field testing techniques may be considered for certain specialized applications.
One possible test that would fit into this category would be tracer dye testing. This is used
principally to determine the flow direction and rate of flow in karst geology.

B. Geotechnical Addendum - I nstrumentation
1. Piezometric Levels

The monitoring of piezometric levels may be an important consideration for specific zones within
the foundation of a dam during construction and fill placement, and to evaluate the development of
the phreatic surface within the embankment during and subsequent to initial reservair filling.

Locations - Piezometric levels may require monitoring within specific zones of embankment
foundations, particularly where extensive low consistency fine grained materials exist or where there
are concerns over the development of high pore pressures during embankment construction (end-of -
construction stability). In such instances, the monitoring device will typically measure piezometric
levels at specific locations. It is typically desirable to measure piezometric levels within the
completed embankment as the reservoir fills and steady-state seepage conditions develop. Devices
for this purpose typically require a broad vertical zone be monitored as the piezometric levelsrise
within the embankment. Piezometer locations in the foundation should be concentrated in the flood
plain portion of the embankment footprint. Piezometric levels within the embankment will require
devices placed at both edges of the crest, at or dightly beyond the downstream toe of the dam, and
potentialy within the downstream dope, particularly if berms are utilized on taller structures. These
devices should be aligned to allow the phreatic surface devel opment to be plotted. Multiple stations
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of such instrumentation may be needed on longer embankments.

Observation Wells - Observation wells and open (Casagrande) piezometers may be considered for
many applications. These are typically well suited to monitoring the performance of foundations
outside the embankment footprint during construction and within the embankment during initial
reservoir filling. Short-screened sections are typically utilized for foundation monitoring. Longer
screened sections can be utilized to monitor the unconfined phreetic surface within the embankment
during initial filling. The observation wells are usually installed within the embankment after the
fill istopped out.

Remote Reading Piezometers - These types of piezometers are well suited to monitoring foundation
conditions during and subsequent to construction. Both pneumatic and electric vibrating wire type
piezometers have been utilized for this purpose. They may be installed in the foundation of adam
prior to embankment construction, with tubing and wires placed in a manner that does not obstruct
the subsequent construction. Remote readout locations outside the embankment footprint are
typically utilized.

2. Settlement

The settlement performance of a dam and foundation is typically a consideration during and
immediately following embankment construction. A typical scenario is a relatively thick
compressible zone in the foundation of the proposed dam and settlement estimates performed during
design indicate that significant settlements may occur.

Location - The settlement devices should target more compressible foundation zones, particularly
in the vicinity of structures such as conduits. Thiswould normally dictate alocation within the flood
plain area of the dam footprint. The settlement devices are often concentrated along the centerline;
however, they may be placed in other areas.

Settlement Plates - Conventiona settlement plates with riser pipes are the smplest forms of
settlement monitoring device for the foundation. These are generally placed after foundation
preparation is completed and immediately prior to commencement of embankment construction.

Accurate elevations are obtained periodically during construction. These elevations should be
referenced to the project datum. Additiona readings are required immediately prior to and
subsequent to adding additional sections of riser rod. These devices will create an obstruction to the
earthmoving equipment during construction.

Remote Reading Settlement Transducers - Both pneumatic and electric vibrating wire settlement
transducers may be considered. These aretypically placed at strategic locations with the cables and
tubing routed outside the embankment footprint to a stationary readout location. Such devices lessen
the obstructions that exist during earthwork, but may not be asreliable.

Surface Monuments - Surface-monitoring points for settlement measurement should be installed

immediately after topping out the embankment. These would be placed along the crest of the dam,
and be adequately protected.
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3. Seepage

The monitoring of seepage quantities during initial reservoir filling, and throughout the subsequent
life of the structure, provides useful information on the performance of the dam. This monitoring
istypically facilitated by measuring the outflows from the internal drainage system components.

Piped Outlets - Piped internal drainage system components are common. The outlet location should
be protected through the use of headwalls, riprap, etc. The exposed portions of the piping system
should be durable, and include animal guards. Pipes should also be placed to allow routine
measurement of flow. This typically requires that the invert of the pipe be placed at least a foot
above the local subgrade level.

Relief Wells - Relief wellsinto the foundation are utilized on certain projects, particularly for gravity
dams. These should be placed to allow for easy monitoring of the outflows and such that they are
protected from damage.

Weirs - Seepage monitoring weirs may be considered in applications where seepage outflows exit
from non-point sources, such asrock toe drains. The collected seepage should be routed into asmall
pool upstream of the weir, and sufficient fall should be provided to allow the V-notch weir to
perform asintended. Staff gauges are typically required to determine the level of the water in the
pool upstream of the weir in conjunction with seepage quantity calculations.

4. Other Instrumentation

Additiona types of instrumentation may be considered in certain specia applications. The engineer
should determine if specific project requirements dictate the need for specialized instrumentation.

Inclinometers - These devices may be installed in situations where measurement of horizonta
movementsisrequired. A fairly common application would be on an existing dam where concerns
exist over slope instability.

Crack Monitoring - Crack-monitoring devices may be needed on appurtenant structures, or to
evaluate movements across discontinuities of concrete gravity dam sections.
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ALL SEASON 6 HOUR PMP FOR 10 SQUARE MILES
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Soil Conservation Service Type B Storm Distribution
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Figure 1. NRCS Type B Rainfall Distribution
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Soil Conservation Service Type Il Storm Distribution
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Figure 2. NRCS Type Il Rainfall Distribution
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LEGEND

County Line
Township Line
SeCTION LING oo

Pr\oper\«ty Line ........................................................................... E _
BAGE LING  crveeeomeseoemmmsremies oo - — B
Centerline of Improvements o —E
Watershed BOUHO‘OFY ....................................................... PP L
Sub-Watershed Boundary s el .
Approximate Limit of Work Area s “W—W—
Paved Road  — e P —
IMDPOVQOI ROQQE  «rerrersmme s e
Private or Field Road e gudtemrateped
Br\idge ...................................................................................... ):(
ROIINORE  +ovveermems oo oottt TR
Fence’ EXiSJEiHQ .................................................................. H_
Fence, to be Removed — ~ e &
Fence, to be Constructed e S St
Power Line (location of pole) o -0—0—
High Voltage Transmission Line (location of pole) - @ Poles
Pipe Line or Buried Cable - ——
DIVOIGION  «oorereereoeee et m}\
S‘treﬁm‘ Flow line oo — g
Woodland Boundory ............................................................... zm
Bui[dmg ................................................................................. B [:j s
SOCHION COPMBE  rreerrermesresee e . 5
Section Center R
Bench Mark, Permanent oo % BM
Bench Mark, Temporary e x TBM
CONTOURS oo e
Foundation Trench Drain L P L . S—
Clearing and/or Gfubbing Boundary oo —(C—C(—
...................................................... R R

Right of Way Bgundory

GENERAL NOTES

North Arrow is Magnetic North

Elevations of pipes refer to invert elevations
Cross sections shown as looking downstrean
Chamfer all exposed concrete edges 3/4”

DEFINITION DOF TERMS

S-Grade of channel in feet of drop per foot of length

b-Bottom width of channel in feet

SS-Side Slope, horizontal to vertical

T-Top width of dike, levee or fill in feet

FH-FIlL height of dike in feet (vertical distance from
bottom of channel to top of dike)

NTS-Not to Scale

EARTHWORK SYMBOLS
Class of Fill cocveremeeeeiniiinee @ . @

Excavation-Common eeeeereceecarnnnnnnen.. @
Excavation=ROCK cevveremeneceeaiimeeaeans - @
Channel Excavation-Conmon «--ccveeen... R @

GEOLOGIC INFORMATION [EGEND

Unified classification by Visual-Manual Procedure in the field (ASTM D-2488), except
where indicated by x,
Unified classification based on laboratory analysis of selected samples (ASTM D 2487)

UNIFIED SOIL CLASSIFICATION SYSTEM SYMBOLS

COARSE-GRAINED SOILS FINE-GRAINED SOILS

GW-Well graded gravels, gravel-sand mixtures ML-Inorganic silts and very fine sands, rock
little or no fines ftour, silty or clayey fine sands or

GP-Paoorly groded gravels, gravel-sand clayey sitts with slight plasticity
mixtures, little or no fines, CL-Inorganic cloys of low to medium plasticity,

OM-Silty gravels, gravel-sand-silt mixtures gravelly, sandy, silty or lean clays

GC-Cloyey gravels, gravel-sand-clay mixtures, OL-Organic silts and silty clays of low plasticity.

SW-Well graded sands, gravelly sands, little  MH-Inorganic silts, micaceous or diatomaceous
or no fines fine sandy or silty soils, elastic silts.

SP-Poorly graded sands, gravelly sands, little CH-Inorganic cloys of high plasticity, fat clays.
or no fines OH-Organic clays of medium to high plasticity,

SM-Silty sands, sand-silt mixtures organic silts.

SC-Clayey sands, sand-caly mixtures PT-Peat and other highly organic sails.

CONSOLIDATED MATERIAL [OTHER SYMBOLS

Cng-Conglomerate Ls-Limestone Drilt hole logged onty oo ®
Ss-Sandstone Dol-Dolomite Drill hole samples ... - @®
Sh-Shale Co-Coal Dip and Strike oo X
Sist-Siltstone Gyp-Gypsunm Pit or trench togged only ................ -
Ma-Marl Cht-Chert Pit or trench samples................... P>
Ground water level ..o.cooiiiis v

TEST HOLE NUMBERING SYSTEM  SAMPLE PLOT

Centerline of Dom ... 1-99 102
Borrow area ..o 101-199 GP
Emergency Spillwoy ... 201-299 T
Centerline of outlet structure.......... - 301-399 GM

Stream Channel .. . 401-499 P [—e
Drain LiNe oo 501-599 —
Correlation holes ... 601-699 Ss

Other o 701-79% .
Notes:

1. Geologic investigation made in July, 2000 by Hardrock Exptoration, Inc.

2. Ground water levels are as noted at the time of the investigation.

3. Records of the site investigation and geotechnical testing report may be

reviewed by prospective bidders by contacting the office issuing the invitation.

DETAIL DF CONSTRUCTION JOINT FOR

CONCRETE WALL

174" min x 6" steel plate to be
continuous throughout construction
Jjoint. Where a splice is necessary,
the ends shall be butt welded,
lapped 3" and fillet welded; or
lapped 3" and bolted with o minimum
of 2 bolts per splice.

€ of val
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\\l
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Construction Joint |

REINFORCING STEEL
BAR TYPES

Straight B D

TYPE 1
DR

TYPE 17

TYPE 18 2
TYPE 19
EL
IS —
TYPE 21
Notes: ’
L. Steel bending shall meet requirements in ACI Standard 315
2 Steel will be 2* from either inside or soutside face respectively.
3. Steel will be 3" from bottom of apron

LAKE JIMMEL DAM
LEGEND AND INFORMATION

SUPERB ENGINEERING, INC

Approved By

Designed
Title

Checked Sheet [Drawing No.




AB-1 AB-2 AB-3 AB-4 AB-5 AB-6 AB-7 AB-8 AB-9 AB-10 AB-11 B-201 B-202 B-203 B-204 B-206 B-601 B-602 B-607 B-608 B-610 B-611 B-613

0 1076.0 1065.0 10720 10800 1065.0 10450 10670 10460 10600 10730 1081.0 10702 1067.1 1066.3 10461 10244 1042.3 10398 10200 10441 1047.9 1066.1 10261
~ us T T T T - T T = 0L ==oL - CL-ML Tou oL I == SC T o I oo == 0L T o
cL — oL cL 4
[ cL cL ct
1 . cL swdsc Y |c —+ -+ cL ¥ -+«
oL \ 4 sc 4 sC I
%3 ct b -1 GC -t -t s -1
Bl 1o L sc st SN N sP #sC SC-SH st
SHr 0 T T A4S > GwW Toc Tswetcp oL P
g- DRY DRY DRY cL cL sc cL sp cL Tsc sP Sw SPgSC sp -1 -+ - cL
E) —+ sp
Z=z A4 +€ DRY cL tL sc
[=) w —_
=] ol cL -+ cL — 4 oL -
a" DRY > sc © i - cL sp msw s
T N 1 Jea L 1 1 sc CL-HL - N
cL sw
DRY DRY DRY DRY DRY DRY DRY - —4 4 — i . £
— . sw cL
30 Gw sP gPsC
cL cL 4 Yy L A
B T T cL cL
©B—206 sP-sc sc sp
- SOIL BORING LOGS - "" - -
&
’ ® p-z05 geot 1
CONSTRUCT SEDIMENT TRAP, SEDIMENT BASIN, FOR
* SEE SHEET 7 DETAILS SEE SHEET 10
1
orot
B-204 % 3s0"
L
Z, - '
B-602 g %4, B-304 I ® B »
& Z
2 . 2 v,
1050 Al
® aB-2 J l & ‘?
106p "‘,% B-604
NZ 2
e o+ 220N
® B-203 ("’o I s 2,7
AV ‘
AN AN AN
B-612
AB-10
B-202
' %
'é‘ =4
©
PRINCIPAL
@ Ap-4 SPILLWAY :
pROFILE
x
%
@ AB-11 g
100 0 100 200 360

Scale in Feet

:z:ii:EMENTAL BORRDW AREA SHALL DNLY BE USED L A K E J I M M E L D A M
AFTER EMERGENCY SPILLWAY BORROW HAS BEEN S I T E P I_ A N S H D \/\/ I N G

UTILIZED AND WHEN APPROVED BY ENGINEER. B D R I N G L D C A T I D N S

SUPPLEMENTAL
BORROW AREA

BOUNDARY ON THE PLANS

| SUPERB ENGINEERING, INC

Designes Approved By
Tite
Drawn
= Revisions
Checked Sheet [Drasing Wo.
No 3
Scale ot 15




§ CO. RD. 175 EAST

£ c0. RD. 175 EAST

§ EXISTING POND DAM

1060 l 1060
|
—EXISTING POND {CO. RD. 700N -
TOP OF CONSTRUCTED EMBANKMENT - 10538  ——f | _WATER LINE 10530 Y PROPOSED
- Ay i T STRUCTURE
7 1
| T
\ I [ER
1050 ‘l / \\ 1050
% HH
CRES] OF EMERGENCY SPILLWAY - 10450 { ][ \L
|
1 [ 1
A [ |
\ / \ 2]
‘\\ \ I] \\ &
5 1040 A f 1 1040
= [ | 2
2 3
X [ 1 pw}
fw SETIMENT POOL - 10350 —~ T {
KN 1 \
I {
| \
] \
| \
1030 | L‘ 1030
|
i
/ /
! 7
5000+00 6000-+00 7000+00 8000+00 9000+00 10000+00

!

STATIONS ALONG FLOWLINE OF VALLEY

PROFILE ALONG CENTERLINE OF VALLEY

NOTE: UPSTREAM OBSTRUCTIONS SHOULD BE CONSIDERED IN THE DESIGN OF THE DAM AND RESERVOR
OBSTRUCTIONS MAY INCLUDE BRIDGES, CULVERTS, DAMS, BUILDINGS, AND ADJACENT PROPERTY

LAKE JIMMEL DAM
VALLEY PROFILE

SUPERB ENGINEERING, INC

Besigned

Braen

Checked

Scale

Tite

Approved By

Revision

[Sheet

No 4
15

Traving Wo.
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AYDRAULIC DATA AND CURVES

PHYSICAL DATA

Hazard Classification
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Tine of Concentration, Tc (hrs)

HYDROLOGIC/HYDRAULIC DATA

Runoff Curve Number

(AMC II Conditions)

DESCRIPTION (UNITS) VALUE

STRUCTURAL DATA

Principal Spillway

BASIN HYDROLOGY

Rainfall Gnd

Duration thrs)

/PMP or -yr Frequency

Runoff (in)

Material
Length

Size

Runoff (acre f1)

Height

Peak inflow (cfs)

Width

PRINCIPAL SPILLWAY

Crest Elev/Area

Max. Discharge (cfs)

Weir Length

Emergency Spillway

Max velocity-at Opening (fps)

Max velocity-exit channel (fps)

Material
Base Width

BREACH ANALYSIS

Side Slape

Shape of Breach

Crest Elev/Area/Stor

Width (f1)

Shape
n" value
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Length/Slope of Spillway

Tine to Failure (hrs)
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NOTES:

1 - TOPSOIL SHALL BE PLACED IN THE OUTSIDE SIX <6> OR
MORE INCHES OF THE EMBANKMENT AREA TO BE SEEDED,
IN HORIZONTAL LIFTS, WHERE DIRECTED BY THE ENGINEER.

2 - BACKFILL FOR CUTOFF TRENCH AND STRUCTURE EXCAVATION
SHALL CONSIST OF THE MOST IMPERVIOUS, COHESIVE MATERIAL
AVAILABLE.

3 - NON-PLASTIC SP & SW MATERIALS SHALL BE USED IN ZONE
2 AREAS.

4 - ELEVATIONS FOR TOP OF CONSTRUCTED EMBANKMENT WILL VARY
ALONG THE CENTERLINE OF THE EMBANKMENT ACCORDING TO THE
PROFILE SHOWN ON SHEET 7.
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ZONE |1
ZONE 2 @ ZONE 2
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$$=311
14/
$5=311
ELEV.
1045.0

SS=1 10

SOURCE OF MATERIAL LABORATORY TEST | PLACEMENT
LOCATION | APPROXIMATE UNIFIED INFORMATION REQUIREMENT
BORING DEPTHCF T SOIL DRY MOISTURE | EMBANKMENT
NUMBER [ From [ 7o |CLASSIFICATION (rf::;ﬂq) (DPTIZUM) SECTION
AB-10A 0 10 CL 1302 106 ALL
AB-10B 15 |25 CcL 1338 7.8 ALL
AB-5 0 18 cL 1214 139 ALL
AB-8 10 15 sP 140.3 5.8 2
B-611 10 12 SP * * 2

ELEV. 1030.0
ss=31

TYPICAL FILL MATERIAL MOISTURE DENSITY RELATIONSHIP

EXISTING GROUND LINE _/

— ELEV. 1038.0

EXISTING GROUND LINE

sS=1%1

SECTION BN CENTERLINE

cLay
BLANKET

£ SEDIMENT TRAP

ss=11 @ o ss=11
' , b = 10°
! TYPICAL CROSS SECTION OF SEDIMENT TRAP

STRIPPING LINE

|

% NON PLASTIC SP & SW MATERIALS SHALL BE COMPACTED T
A DRY DENSITY OF 125 LBS./CU. FT. MINIMUM.

CUTOFF TRENCH - EXCAVATE INTO FIRM CL
OR AS APPROVED BY THE ENGINEER

=

12* DUCTILE IRON PIPE e

£ EXISTING CHANNEL ﬂ}\ 2
il

1
2 2

L PIPE 0. D.

TYPICAL CROSS SECTION
OF DUCTILE IRON PIPE PLACEMENT

TYPICAL CROSS SECTION OF CLAY BLANKET AREA RIPRAP GRADATION

EXISTING GROUND LINE

AT LEAST 50% BY WEIGHT SHALL CONSIST OF

PIECES LARGER THAN i2 INCHES. THE MAXIMUM

SIZE SHALL BE 18 INCHES AND NOT MDRE THAN
1S% 0OF THE PIECES BY WEIGHT SHALL BE LESS
THAN 4 INCHES.

£ PRINCIPAL SPILLWAY RIPRAP BEDDING GRADATION

RIPRAP BEDDING SHALL BE INDIANA STATE HIGHWAY

CDARSE AGGREGATE SIZE NO. S OR EQUIVALENT.

EXISTING GROUND LINE

VARIABLE

VARIABLE

TYPICAL CROSS SECTION OF STREAM CHANNEL CLEANOUT

EXISTING CHANNEL

ELEV. 10190

EXISTING_GROUND LINE

§ STILLING BASIN

ELEV. 10190

/——EXISTING GROUND LINE
@ RQUANTITIES
© | ® os-iua o
Ss=1 %4 EXCAVATION - COMMON:
S———EXCAVATE TO A DEPTH DOF 4 CUTOFF TRENCH 4,370 CuU. YDS
MINIMUM BELOW EXISTING STRUCTURE EXCAVATIDN 380 CU. YDs.
12+ GROUND LINE STREAM CHANNEL CLEANDUT 590 CU. YDS.
OUTLET CHANNEL AND SEDIMENT TRAP 1S0 CU. YDS.
STILLING BASIN 2,007 cy, YDs.
TYPICAL CROSS SECTION OF STRUCTURE EXCAVATION TOTAL__ 7,497 €U, YDs.
EARTH FILL - CLASS A CuU. YDS.
€ OUTLET CHANNEL EMBANKMENT 52,250 CuU. YDs.
CLAY BLANKET 5,556 CU. YDS.
CUTOFF TRENCH BACKFILL 4,370 CU. YDS.
EXISTING GROUND LINE STRUCTURE EXCAVATION BACKFILL ___________ 380 CU. YDS.
STREAM CHANNEL BACKFILL 590 CU. YDS.
TOTAL . 63,140 CU. YDS.
RIPRAP 643 TONS
RIPRAP BEDDING 114 CU. YDS.

TYPICAL CROSS SECTION OF OUTLET CHANNEL

ELEV. 1009.0

JYPICAL CROSS SECTION OF STILLING BASIN

EMBANKMENT LINE

LAKE JIMMEL DAM

EROSION CONTROL BLANKET TO BE INSTALLED
PER MANUFACTURER’S RECOMMENDATIONS OR AS

TYPICAL CROSS SECTIONS

APPROVED BY THE ENGINEER ‘ SUPERRB ENGINEERING, INC

EXISTING GROUND LINE

TS

TYPICAL CROSS SECTION OF EROSION CONTROL BLANKET PLACEMENT Revisea

Approved By

Designed
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Drawn

Checked Shes¥ Thrawing No.
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ELEVATIONS

EL

EL

EL

EL

EL

BN

€ EMERGENCY SPILLWAY STA, 6+27
E EMBANKMENT STA. 10+85

YDS.

1060~ _ -EL 1060
INLET SECTI PO’ LEVEL DUTLET SECTION
| SECTION
J
Tl Y
1050- ] i & -EL 1050
< <
— et A3
SLOPE TO DRAIN v v w
. M~ 4
TOPSDIL, SEE NDTES \ kY =
1040~ : | S X -EL 1040 <
LIELEV. 10450 - <
\w o é
\1\ (ELEV. 10300 SLOPE TO DRAIN
\ —————
1030- e -EL 1030
1]
1020- ~EL 1020
1450 2+00 2450 3+00 3+50 4+00 4+50 5+00 5+50 6+00 6+50 7+00 7+50 8+00 8+50 9+00 9450 10+00 10+50 11+00
STATIONS ALONG CENTERLINE OF EMERGENCY SPILLWAY
PROFILE ALONG CENTERLINE OF EMERGENCY SPILLWAY
EMERGENCY SPILLWAY
BORROW \ EXISTING GROUND LINE
$8$=31 i $S=311
o=120" |__ TOPSOIL, SEE NOTES NOTES:
1- PLACE TOPSOIL IN EMERGENCY SPILLWAY BOTTOM, 1 FOOT
THRU DUTLET SECTION MIN THICKNESS. AREAS WHERE SP AND SW MATERIALS ARE
ENCOUNTERED WILL BE EXCAVATED TO A DEPTH OF 2 FEET
EXISTING GROUND LINE AND BACKFILLED WITH COMPACTED FILL MATERIAL.
£ EMERGENCY SPILLwAY 2- THE REMAINING AVAILABLE TOPSODIL SHALL BE SPREAD
— ' ON THE EMERGENCY SPILLWAY, WHERE DIRECTED BY THE
ELEV. 1060.0
BORROW ENGINEER.
ss=31 < sS=31
b=120" [~ TOPSOIL, SEE NOTES QUANTITIES
THRU LEVEL SECTION BORROW - EMERGENCY SPILLWAY ___ 48,475 CU.
TOPSOIL SPREADING - EMERGENCY SPILLWAY 11,920 S@. YDS
E EMERGENCY SPILLWAY /X_E(ISTING GROUND LINE
ELEV. 10600
BORROW $S=31
SS=31

b=120"

TOPSOIL, SEE NOTES

THRU INLET SECTION

TYPICAL CROSS SECTIONS

NOT 7O SCALE

DETAILS

LAKE JIMMEL DAM
EMERGENCY SPILLWAY

SUPERB ENGINEERING, INC
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Drawn
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SLOTS., CUT ! ROW EACH SIDE,
EACH SLOT 7O BE 1r2° X 2°

6’ DIAM. PLASTIC TUBING

g
\giuldlldll‘l‘lhl ”” g TTEND CaP - CUT (B
14. 0w 94 tg o9l 14 praMm. HOLES

DRAIN FILL,
#2 SIZE STONE

DETAIL ‘B’
NOT TO SCALE

ELEV. 10350
SHAPE SIDE SLOPE OF CHANNEL

TO CLEAR INVERT OF PIPE

o0t
el
an/

8 LEV. 10300

<

N\

ELEV. 10275

>
E3AEN
wxl F
U_J o

S_l
8’ SEDIMENT CONTROL DIKE EXISTING GROUND LINE 55 z
DRAIN FILL ©

ss=3: 15 X 3° x L5
$§=34 o) $=3 $8=31
BORROW
/ S ; ELEV. 10300
T G 100 | —
10°

6’ DIAM. NON-PERFORATED
PLASTIC TUBING, 70 LIN. FT.

QUANTITIES

SEDIMENT CONTR{L BASIN
DRAIN FILL

SuM JOB
3 Ccu. vIsS.

] 15 in

-

6° DIAM. SLOTTED PLASTIC
TUBING, 10 LIN. FT.

SECTION A-A
NOT TO SCALE

NOTES:

1- NEAR THE COMPLETION OF THE EARTH FILL DPERATIDNS,
WHEN DIRECTED BY THE ENGINEER, THE SEDIMENT CONTROL
DIKE SHALL BE REMOVED AND USED AS BORROW.

2- THE TUBING SHALL BE REMDVED FROM THE SITE.

T

S50 100 150
]

Scale in Feet

SEDIMENT BASIN LOCATION

LAKE JIMMEL DAM
SEDIMENT BASIN DETAILS

SUPERB ENGINEERING, INC
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B-304

DRAIN FILL MATERIAL
STANDARD COARSE AS-BUILT FINE AS-BUILT
SIEVE SIZE % PASSING % PASSING % PASSING % PASSING
3 100
1 1/2 85 - 100
3/4 60 - 85
/e 30 - 60
3/8 10 - 35 100
#4 0 - 10 95 - 100
#8 g -3 80 - 100
#16 - 50 - 85
#30 - 25 - 60
#50 - 5 - 30
#100 - 0 - 10
#200 - 0 -3

COARSE DRAIN FILL REQUIREMENTS MAY BE MET BY USE OF
INDIANA HIGHWAY COARSE AGGREGATE SIZE #5 .

FINE PRAIN FILL REQUIREMENTS MAY BE MET BY USE OF
INDIANA HIGHWAY FINE AGGREGATE SIZE #23.

% FOUNDATION DRAIN

STATIDONS ALONG CENTERLINE OF FOUNDATION DRAIN

SECTION A-A

R [}
45
) X | —DRAIN DUTLET
-
® LN (@ 5606
B-303 ) B606 ®
C C
B-609
A 4 B ~ ~
e
FOUNDATION DRAIN X
° 5
B-2 25 SEEPAGE CONTROL B - 2
® DIAPHRAGM
A @)B s SEE SHEET 12 35 A
-4 @ ® A
[~ I . — ® P—
\ ; '. t
L M | A \\
C EMBANKMENT STA 4457 ! TOP OF CONSTRUCTED EMBANKMENT
PLAN VIEW
TOP DF CONSTRUCTED EMBANKMENT
§ SEEPAGE CONTROL DIAPHRAGM
FOUNDATION DRAIN
P
EXISTING GROUND TEDEE\D/F 1EZZA
LINE ~_ : !
=
ELEV. 10172 ELEV. 10145
ELEV. 1014.0
‘ DRAIN OUTLET PROFILE
EL 1050~ -EL 1050
/ B-609
[=]
Ed PRINCIPAL SPILLWAY = 3 L
] FOUNDATION DRAIN STA. 104+67 2 //C/Ze— SS=1:
EL 1040- ™ < | - 4 ~EL 1040
ss=11 )\\ @ Gl prAIN DUTLET E /
50’ SM
EL 1030- / -EL 1030
-303 Sw
2 | L
—’T’T\'Qn:\_\ﬁ'_’i” B-606
EL 1020- K1 E— ] -EL 1020
< CcL —w LR |oL
z ss=11 L} _ i
2 sC r 43 $S=111 ..
< <Tsp GC GWe* SC
: Tt . L
4 EL 1010- Lop -EL 1010
(W) iy
Tswae cL
oL sc L SWe 4
EL 1000~ cL -EL 1000
cL FOUNDATION DRAIN SHALL BOTTOM
¢ 1 IN SP, GP, OR SW MATERIAL
a4 sc BETWEEN STATION 104+00 AND
EL 990- STATION 106+80 OR AS APPROVED — -EL 950
BY THE ENGINEER
o l
EL 980~ - -EL 980
102+80 103+20 103+60 104+00 104+40 104+80 10S5+20 105+60 106+00 106+40 106+80 107+20 107+60 108+00 108+40

YEXISTING GROUND LINE

§ PRINCIPAL
SPILLWAY

' [ (=
RERE ":; / r \’
ut 5N "&£ STRIPPED GROUND LINE e
4 I ¥ I 96 X4 e Yo tovfod s 4%
g8 s
e % <"1~ COARSE DRAIN FILL MATERIAL
n o’,.e"-: ,,'l:oo' A
L] H v ;ooo:"’o':oc': o0° N
(%] H }:’b':‘,b oa:°: o FINE AP °."o' o"o'ﬂon °°v°
- B LR AR AN DRAIN FILL |0 " ® v 5, ° o, o
< °'°h v o
N :.ico‘}:":::,,g :'o MATERIAL —’_:_,u.'_v;—:—:ﬁ:q :"’;'o'v: °
o ovoato? o 3 030 0. )
20005, e ST~ FINE DRAIN FILL MATERIAL COARSE DRAIN
FILL MATERIAL
3.5 DETAILS 0OF DRAIN FILL
SECTION B-B AT PRINCIPAL SPILLWAY
& DRAIN DUTLET
4
"{X /EXISTING GROUND LINE
COARSE R AD A POy
DRAIN FILL ah N .
° N in
MATERIAL R 2. wloo
FINE DRAIN FILL MATERIAL %o 2 6o %0
ss=11 L—ss=11
&
SECTION C-C
CROSS SECTION CONFIGURATION MAY
BE INVERTED AT CONTRACTOR'S DPTION.
QUANTITIES SUPERB ENGINEERING, INC
COARSE DRAIN FILL MATERIAL 420 CU. YDS. A
FINE DRAIN FILL MATERIAL 430.0 CU. YDS. Designed Title

Drown
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4 SEEPAGE CONTROL DIAPHRAGM
DUTLET, SEE PROFILE
> SHEET 11
=]
-
L
z
Nl ]
¢ SEEPAGE CONTROL
DIAPHRAGM
-
2
[N]
=
X
f =
=
i
o
8-9 e
%
10-6 10-6 1
™
§ PRINCIPAL
SPILLWAY
PLAN
. PRINCIPAL
SPILLWAY
¢
e AREA *CY
;') [
“ \
a ) . ARen B . S~ FINE DRAIN FILL MATERIAL
L SSUMED 11 g ASSUMED 11
_ / — CDARSE DRAIN
S : , FILL MATERIAL
AREA “A‘
’ vy
~|
21707

P

NANANZINZW/

SECTION ON CENTERLINE OF SEEPAGE CONTROL DIAPHRAGM

SUGGESTED SEQUENCE FOR
INSTALLATION OF SEEPAGE CONTROL DIAPHRAGM

STRUCTURE EXCAVATION LINE

1-PLACE DRAIN FILL IN DUTLET.
2~-PLACE DRAIN FILL IN AREA ‘A" BELOW BEDDING SUBGRADE.
3~-PLACE PIPE AND BEDDING.

NOTE:
4-PLACE DRAIN FILL IN AREA ‘B° OVER PIPE AND BEDDING.

FOR FINE AND COARSE DRAIN FILL GRADATIONS,

S5-PLACE COMPACTED EARTH FILL OVER AREA °A° AND AREA “B’.
6-EXCAVATE TRENCH TO CONTACT CLEAN DRAIN FILL IN
AREA °A” AND AREA ‘B‘, THEN PLACE AREA ‘C’.

SEE SHEET 11

NOTES:
1~ AREA ‘A’ AND "C* MAY BE DONE IN LIFTS,
THICKNESS AT CONTRACTOR'S OPTION.
2- THE DRAIN FILL SHALL BE WATER FLOODED
IN ACCORDANCE WITH SPECIFICATION 24.

QUANTITIES

FINE DRAIN FILL MATERIAL

% SEEPAGE CONTROL DIAPHRAGM

AREA ‘C”
ASSUMED 1 AREA ‘B
TOP OF PIPE o
—& | A ASSUMED 1d

BEDDING SUBGRADE

AREA ‘A" 4—o=

45.0 CU. YDS.

8 i2

STRUCTURE EXCAVATION LINE

USTUSUSTSTISIUSITSt S
"SECTION ON CENTERLINE

OF PRINCIPAL SPILLWAY

SCALE IN FEET

LAKE JIMMEL DAM
SEEPAGE CONTROL
DIAPHRAGM DETAILS

SUPERB ENGINEERING, INC
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NOTES:

1- STRUCTURE IS SYMMETRICAL ABOUT THE
CENTERLINE, UNLESS SHOWN.
2-CAMBER CONDUIT IN ACCORDANCE WITH

ELEVATIONS SHOWN.
3- EXCEPT AS PROVIDED FOR THE PIPE
OUTLET, SHORTER PIPE LENGTHS MAY BE
USED IN LIEU OF THOSE SHOWN WITH A

MINIMUM PIPE LENGTH DF B FEET, USING

10’

ELEV. 1019

APPROPRIATE JOINT EXTENSIBILITY. REVISED
CAMBER ELEVATIONS WILL BE FURNISHED BY
THE ENGINEER IF LENGTHS OTHER THAN THOSE
SHOWN ON THE DRAWINGS ARE USED.

BERM
LOCAL BERM IS TO BE RECESSED o FOUNDATION
0.75’ ARDUND INLET DRAIN 3
LOCAL BERM —
E PRINCIPAL SPILLWAY W
/STA. 2+00 ‘= STA. 4+57 211 W@ 5 2
£ EMBANKMENT 10’
Tl [ serm €| PR 5 § Ss=31 ?
¢ PRINCIPAL 0 L5 |
SPILLWAY " 2 121 Y N | |
——— a1 5 .E_l_g } ss=31 I
! 2
31 4 3. ¢ seepace 31 - ®
| CONTROL e &
DIAPHRAGM .
o . 8
(2]
31 L
- ELEV. 1013
10’ 45°
BERM
¢ DRAIN OUTLET
507 ]
o
< O
[ S
=]
z a PLAN
Lo E—
° R
~ in
[Vt e
DETAIL A
127.4° 32.6’
TOP OF CONSTRUCTED EMBANKMENT
BERM ELEV. 1035.0 ¢(ADD 0.4’ CROWND 9200 ¢ PIER
TRASH RACK ir
SFEE SHEET 15 - SEEPAGE CONTROL 52.8°
DIAPHRAGM 8.0
WEIR ELEV 1035.00 SEE SHEET 12 FOUNDATION DRAIN
LOCAL BERM ELEV. 1034.25 L I § ANTI-SEEP COLLAR SEE SHEET 1t § STILLING
eV 102 B BERM ELEV. | WVERT ELev | oo
VERT ELEV. 1026.50 s o | !
INVE —~ | y JT. 4 H 1630.0 1019.80 ELEV. 1017.0
f = N A = = s : V
. - L
ELEV. JT. 2 > / | / {
1026.50 E':.\éEIRT JT. 3 JT. S JT. 6 /JT, 7 JT.8 —/ His JT.10 , h s = 001 —e
1025.00 204 LIN. FT. REINFORCED CONCRETE ELEV. 1017.0 cee31

DRAWDOWN PIPE

30 LIN. FT. DUCTILE

IRON PIPE, 12°

DIAM,

PIPE JOINT TABLE

BEFORE BACKFILL

EMBANKMENT IN PLACE

JOINT INVERT DATE DATE
LOCATION ELEVATION INVERT JOINT INVERT JOINT
ELEVATION GAP ELEVATION GAP
JT. § 1025.00
JT. 2 1024.89
JT. 3 1024.65
JT. 4 1024.27
JT. 5 1023.76
JT. 6 1023.20
JT. 7 10e2.58
JT. 8 1021.91
JT. 9 1021.19
JT. 10 1020.41
OUTLET 1019.80

PRESSURE PIPE, 30° DIAM. FOR .
STRENGTH AND JOINT REQUIREMENTS,

9 SECTI -0 = 180- -y
ONS @ 20-0 = 180-0 24-0 ELEY » 9
t B w =
GUTLET 1 3 %,
SECTION %
©
SECTION ON_ CENTERLINE
QUANTITIES
PIPE CONDUIT - REINFORCED CONCRETE PRESSURE PIPE, 30° DIAM.
INCLUDING CONCRETE BEDDING 204 LIN. FT.
DRAWDOWN PIPE - DUCTILE IRON PIPE, 12 DIAM. INCLUDING
FITTINGS 30 LIN. FT.

20 0 20 40 60

Scale in Feet

LAKE JIMMEL DAM
PRINCIPAL SPILLWAY

LAYOUT

SUPERB ENGINEERING, INC
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STEEL ‘TEE’
OPERATING
WRENCH

TO FIT DPERATING NUT

DETAIL OF OPERATING WRENCH

(I REQUIRED

PROVIDE HOLE IN EXPANDED

DUCTILE IRON WALL

FITTING,

FLANGES SHALL
MEET AWWA C207.

FITTING SHALL BE
ORIENTED IN WALL

SO THE GATE IS

ALIGNED VERTICALLY,

12 DUCTILE IRDN PIPE

TRASH GUARD

SEE DETAIL

ELEV. 102650

MECHANICAL

JOINT ON

FITTING SHALL BE

UPSTREAM END

+
2
°if%f§>\<%
0
X 90

i/2° DIAM. STEEL ROD
WELD AT CONTACT POINTS
ALTERNATE DETAIL OF MARK (&)
(4 REQUIRED
1/2°

ISOMETRIC
UPSTREAM ELEVATION

DIAM. STEEL RODS,
SD LONG, WELD AT CONTACT
PDINTS (2 REQUIRED>

(4 REQUIRED>

p/2* D/ D

DETAIL OF MRk (A)

-

SIDE ELEVATION

DETAILS F TRASH GUARD

¢ TO BE SHOP FABRICATED AND GALVANIZED)

QUANTITIES
METAL WIORK

PART SUM JDB

EXPANDED METAL

METAL GRATING FOR GRATING, SEE
OPERATING WRENCH SHEET 22 /\
l 1 PaN PaN KA paN AN
4 4
e R N . >
. R <
: a
.oqa- . .
. a
4.4 - 4 o
o 4 4
N < < . OPERATING NUT .
Q - . . . -
S ELEV. 103500 _/ L - ALS
C 4 .
< B
T VQ @ 7
La b
T a B a .
i e
19 a STEM SPLICE, AS REGUIRED .
. Sac
LI e
- 4 a
. _4
PR STEM GUIDES, e
— FULLY ADJUSTABLE, <
- 2 PIECE, WITH .
b9 BRONZE BUSHINGS, e
L 2 REQUIRED a
B L
e .
. . <
2° |10f >
-' e -s .5 ; el
— RUBBER R
4 GASKET
/ ELEV. 102650 o]
A N .
L g P
¢ BOLT WITH - \
s LOCK WASHER ELEV. 1025.00 S 12 DIAM. STAINLESS STEEL RISING
a \ S~ : STEM KNIFE GATE VALVE - SUCH AS
L T T T T T T By e T o o] FABRI C37S MANUFACTURED BY ITT
P4 > > SIS b FITTING b > -4 | ENGINEERED VALVES, LANCASTER, PA,
> e b . 7L e @, o : <, | OR EQUAL
SECTION ON CENTERLINE ENDWALL ELEVATION
QUANTITIES
KNIFE GATE VALVE, 12°. DIAM, SuM JOB
17
vi NOTE:
FLANGE ON PIPE SHALL HAVE
{* DIAM, BOLT HOLES,
b LAKE JIMMEL DAM

12 BOLT HOLES,

TAPPED FOR 7/8°
DIAM, BOLTS

FLANGE DETAILS

C(FLANGE THICKNESS = 1.25+0]2

DETAILS 0OF 127 DIAMETER
DRAWDOWN KNIFE GATE

SUPERB ENGINEERING, INC
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Prawn
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a-6 MATERIAL LIST
Z
1’8 ¥ MARK ITEM QUANTITY
A ANGLE 4°X4°X3/8°, 8'-6" LONG (GALVANIZED 10
7 e 7 12 B 5/8° GALVANIZED ROD (SEE DETAIL OF ANCHORAGE FOR ANGLE> 20
N c EXPANDED METAL GRATING, 4 LB. PER S$@. FT, GALVANIZED
J 2'-0* X 4°-0° ?
N A\
A m T m R N N N N D 4* X 4° X 1/8" METAL PLATE, DRILLED AND GALVANIZED 8
B n E FORMED SPACER, GALVANIZED 16
PROVIDE OPENING
FOR OPERATING o 7* B 7-4 7° F FORMED SPACER, GALVANIZED 4
WRENCH o177 i *
G 5/8° DIAM. BOLTS, GALVANIZED, LENGTH = 4° MIN. 4
DETAIL 0OF ANGLE
> 5/8* DIAM. NUTS AND WASHERS, GALVANIZED 40
o
]
@/‘ L @ 3/4° DIAM. STANDARD PIPE SLEEVE, 10 LONG, GALVANIZED 20
4° X 4’ X 1/8°
EXPANDED METAL GRATING, 4 LB PER METAL PLATE
SQ. FT., GALVANIZED C)
7 e 7 (® 4 x 4 x vs
DRILL 3/4’ DIAM. HOLE METAL PLATE @ EXPANDED METAL
._‘@ IN MEMBER ()& (D) /— © \GRATING
} . 4@ (:) N (:) #@ "I’CTA;
PLAN - TOP \t) | P
SECTION VIEW END VIEW
7 e e@ew ] 7 /2

4 X 4° X /8’

PN A '—;;;5“"f7t Py A (:)
METAL PLATE

[} o
\D"—‘ — ] 7 (@ 4 x 4 x v8
v e e DRILL 3/4° DIAM. HOLE 2 METAL PLATE @ EXPANDED METAL
IN MEMBER & L ©) EXPANDED METAL GRATING
N
—— p— GRATING ®
SIT =l
F’ o
.

l S5/8° GALVANIZED NUT

A\
V

1-6

” 1, [ Lo

[
ENDWALL ELEVATION = L A
; PR > v
! T - s /
1 ™ " b v D T & [ "
. - L. I .
] 5/8° STANDARD GALVANIZED AN 2 . ' A
ROD BENT AS SHOWN AND THREADED &/
3 1/2* DN EACH END /v vooah 5/8 GALVANIZED NUT
—b LN
z 5/8° STANDARD

GALVANIZED WASHER

374’ DIAM. STANDARD 10°

3/8° GALVANIZED NUT
DRILL 3/4° BIAM. HOLE GALVANIZED PIPE SLEEVE, 1-1
10 LONG
SECTION VIEW END VIEW

IN MEMBER
® . SPACER
1® DETAIL OF ANCHORAGE FOR ANGLES
. / (ANGLES WITH GRATING)
= . > B ‘.>'~"  >y |
e —.p_l?-v‘p_p_-b>
e .
5/8° STANDARD GALVANIZED e e NN s/6 GaLveNIZED NUT LAKE JIMMEL DaAM
ROD BENT AS SHOWN AND THREADED Ao g b \ <6 STANDARD DETAILS OF R/C INLET
3 1/2” ON EACH END
3/4° DIAM. STANDARD 10 GALVANIZED WASHER TRASH RACK
GALVANIZED PIPE SLEEVE, = END VIEW
10 LONG = — QUANTITIES SUPERB ENGINEERING, INC
SECTION VIEW METAL WORK ____ PART SUM JOB aApproved By
DETAIL OF ANCHORAGE FOR ANGLES reon b
(ANGLES WITH SPACERS) Checked :::.':m;,..;n, -
Seate NOT 7O SCALE = ;:




PARTIAL LIST OF SPECIFICATION ITEMSFOR EXAMPLE DAM
Title

CLEARING

CLEARING AND GRUBBING

STRUCTURE REMOVAL

POLLUTION CONTROL

SEEDING AND MULCHING FOR PROTECTIVE COVER
MOBILIZATION

WATER FOR CONSTRUCTION

REMOVAL OF WATER

EXCAVATION

EARTH FILL

DRAINFILL

SALVAGING AND SPREADING TOPSOIL

PORTLAND CEMENT CONCRETE

STEEL REINFORCEMENT

REINFORCED CONCRETE PRESSURE PIPE SPILLWAY CONDUITS
DUCTILE-IRON PIPE CONDUITS

LOOSE ROCK RIPRAP

WATER CONTROL GATES

METAL FABRICATION AND INSTALLATION

FARM FIELD FENCES

GEOTEXTILE

AGGREGATE FOR PORTLAND CEMENT CONCRETE
ROCK FOR RIP RAP

PORTLAND CEMENT

AIR-ENTRAINING ADMIXTURES

WATER-REDUCING AND SET-RETARDING ADMIXTURES
CURING COMPOUND (FOR CONCRETE)

PREFORMED EXPANSION JOINT FILLER

SEALING COMPOUND FOR JOINTS IN CONCRETE AND CONCRETE PIPE
STEEL REINFORCEMENT (FOR CONCRETE)
REINFORCED CONCRETE PRESSURE PIPE
DUCTILE-IRON PIPE AND FITTINGS

METAL

GALVANIZING

E.l January 1, 2001



Appendix F
Common Pitfalls




Appendix F — Common Pitfalls

Common Pitfalls

The following is alisting of shortcomings that have been noted during the application and design
review process. These are offered as an aid to ensure consideration has been given to all aspects of
the design. Every item will not apply to each project.

Not incorporating the geotechnical findings and recommendations into the plans and
specifications.

Not allowing the geotechnical contractor to review the final plans & specifications before
submission

Not providing alow level outlet for emptying the reservair.

Not providing alow level outlet large enough to drain the reservoir in atimely fashion.

Not encasing or cradling the outlet pipe in concrete through the dam embankment (i.e. not
eliminating the seepage path aong the pipe).

Pressurizing the outlet pipe by regulating the flow at the downstream end.

Insufficient energy dissipation in the spillway

Inadequate joints details for the concrete spillway slabs.

Incompatible materialsin the filter drains.

Inadequate provision for differential settlement.

Insufficient drainage and filters to control seepage through the dam and foundation.
Inadequate shaping and preparation of the foundation for placement of fill materials.

Not sloping the crest towards the upstream slope.

Earthen spillways activating prior to the 50-year storm.

Improper usage of filter fabric.

Use of filter fabric for separation of coarse and fine aggregate.

No animal guards on the toe drains.

Not providing protection for any exposed PV C from UV radiation and vandalism.

Improper conduit selection.

Allowing blasting to take place in the vicinity of the dam without appropriate precautions.
Not grouting abandoned boreholes used to evaluate existing dam that is currently impounding
water.

Not addressing instrumentation needs for monitoring during filling and normal operation, and
other monitoring such as settlement during the construction process.

Not providing adequate drop and/or projection of drain outlet pipesto allow for collection of
seepage flows during monitoring and normal operation.

Not addressing the need to ensure bonding between lifts of fill.

Lack of adequate earthwork moisture control.

Not providing berms on the downstream slope at appropriate intervals.

No erosion protection at the abutment contacts (groins).

Not providing for clearing 50 feet beyond the downstream toe of the dam.

Not providing cleanouts on the interval drainage system.

Not addressing seepage along the spillway conduits.

Inadequate freeboard.

Not addressing seismic stability issues including the riser structure.

Not addressing the impact of utilitiesin the vicinity of dam.
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- Using inadequate vegetation on the dam.

- Inadequate or no trash rack.

- Inadequate consideration of the impact of excavation within reservoir pool with respect to
seepage control.

- Not evaluating the proposed dam over abandon coal mine areas.

- Not providing adequate erosion control prior to the establishment of a gravel ground cover.

- Not submitting as-built plans to the Division of Water.

- Allowing discharge from the emergency spillway to erode the toe of the downstream slope.

- Lack of consistency between plan sheets and supporting technical data (i.e. elevation and sope
discrepancies).
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A.  Special Construction Monitoring Reports

1. Pressure Testing of Conduits

All conduits through the embankment should be pressure tested in accordance with the applicable
ASTM and/or ANSI/AWWA Specification. A continuous record should be kept of all such testsand
the information submitted for review should contain the following data:

Equipment - Equipment to perform the test.

Pressure and Duration - Specified testing pressure and minimum test periods.

Acceptance Criteria - Acceptable leakage criteriafor test.

Records - A copy of the continuous record of the test and any re-tests.

2. Laboratory Materia Certification

All drain and filter materials obtained from an off-site source should be regularly checked for
compliance with the project specifications. Documentation should be provided that the materials
supplied for placement in the dam meet the required gradation limits. Such documentation should
include a certified copy of the suppliers gradation tests. Synthetic filter material should be clearly
marked for identification and include the manufacturer's certification number actually shipped to the
job site.

3. Grouting

Evidence should be submitted that an acceptable grout curtain was constructed within the foundation
of the proposed dam structure. To satisfy these requirements the report should contain the following
information:

Drilling Equipment - Equipment that was used to drill the exploratory and grout holes.

Grout Equipment - Equipment that was used to mix the ingredients of the grout and pump the durry
down the holes.

Laboratory Equipment - Laboratory equipment that was used for on-site control tests.
Grout Mix Criteria - Specified performance values/properties of grout mix (es).

Trial Mixes - The results of any tests and trials that were made on a variety of grout mixes prior to
the main grouting operation.

Design Mixes - The grout design mix(es).
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Water Testing - The results of all water pressure tests in exploratory or grout holes.

Field Test Results - The results of all field tests conducted on each of the grout mixes during the
grouting program with identification of non-compliant results and remedia action. Field tests should
include, but not be limited to, sedimentation, durry density, Marsh Funnel viscosity and unconfined
compressive strength.

Profile- A longitudinal profile of the grout curtain showing drilling depths and grout takes for each
stage of the grout holes.

4. Slurry Wall
Evidence should be submitted that a relatively impervious slurry trench cutoff was successfully
ingtalled within the foundation of the proposed dam. To satisfy these requirements, the report should

contain the following information.

Excavation Equipment - Equipment that was used for construction of the working platform and for
trenching.

Surry Equipment - Equipment that was used for mixing the slurry.

Backfill Equipment - Equipment that was used for mixing and placing the backfill.

Test Equipment - Equipment that was used for the control tests.

Backfill Mix Design - Slurry backfill mix design.

Acceptance Criteria - Specified performance values/properties of slurry and backfill mix.

Field Test Results - Results of control tests, with identification of non-compliance results and
remedial actions. Control tests on the slurry should include, but not be limited to, pH, unit weight,
filtrate loss and viscosity. Control tests on the backfill shall include, but not be limited to,
permeability, Atterburg Limits, slump, percentage passing the No. 200 sieve, water content,

bentonite content and unit weight.

Profile - A longitudinal profile of the slurry wall showing excavation depths, materials excavated
and backfill placed.

5. Blast Monitoring
It is assumed that al blasting operations should be conducted in strict accordance with existing
ordinances and regulations. To ensure that no appreciable vibration was transmitted to existing

structures or facilities amonitoring report should be prepared for each blasting event. This report
should include, as a minimum, the following information:
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Preblast Inspections - Documentation of any preblast observations.
Monitoring Equipment - List of equipment used to monitor the blast.
Time and Location - Date, time and location of blast.

Monitoring Locations - List of structures/facilities monitored.
Acceptance Criteria - Allowable vibration parameters.

Monitoring Records - Seismograph records and interpretation.

Post Blast Inspections - Documentation of any post blast observations.
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Guidelinesfor Dams
Amendment Form

Name:

Address;

Phone and fax numbers;

The following sections, discussions, etc...should be included in these guidelines (provide as much
detail as possible).

In reading the guidelines, | have noted the following errors (please indicate section as well as page
number).

Thisform can be produced as needed. Please mail your completed form to:

Division of Water
402 W. Washington Street
Room W264
Indianapolis, IN 46204
Attn: Dam and L evee Safety Section
Phone 1-877-928-3755

Y ou can also fax the complete form to us at (317) 233-4579.
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